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On p. 79 the penultimate line should read: 
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Abstract 
The irradiation of polyfunctional 2-methoxyphenyl 
phenyl ethers obtained by degradation of lichen depsidones 
resulted in the facile formation of polyfunctional dibenzo-
furans via a ring closure involving the loss of methanol. 
Similar irradiation of simple methoxyphenyl phenyl ethers 
formed hydroxybiphenyls via a rearrangement process with 
little or no dibenzofuran formation. 
An attempt to synthesise the lichen dibenzofuran 
didymic acid and its degradation products decarboxydidymic 
acid and 4-o-methyldecarboxydidymic acid via irradiation of 
appropriately substituted 2-methoxyphenyl phenyl ethers was 
unsuccessful. 
A rationalisation of these results is proposed which 
invokes the initial formation of an uncleaved diradical 
speCles on irradiation of the ether. The formation of a 
stable product from this diradical species is then achieved 
Vla a variety of reaction pathways. 
The factors which govern rlng closure are elucidated 
and failure to incorporate these features in the ether results 
in rearrangement, cleavage or complete degradation of the 
ether when irradiated. The unsuccessful attempt to prepare 
didymic acid and related dibenzofurans is explained by the 
failure of the 2-methoxyphenyl phenyl ether precursors to 
possess those structural features which favour a ring closure 
process on irradiation. 
(iv) 
CHAPTER l 
Introduction 
(i) The natural occurrence of dibenzofurans 
The simplest member of the dibenzofuran family, 
dibenzofuranl ,2 (1) itself, occurs naturally in coal tar, 
shale oil and other petroleum sources, from which it has 
3 been isolated by fractional distillation. Methyl and 
hydroxydibenzofurans4 have also been isolated from similar 
sources. 
9 1 
6 4 
(1) 
In the higher plants the dibenzofurans rhodo-
myrotoxin (2a or 2b) and ~-rhodomyrotoxin (3) have been 
isolated. 5 ,6 
l2al (2b) 
(3 ) 
1 
These tetrahydroxy dibenzofurans were extracted 
from the fruit of the Australian finger cherry, Rhodomyrtus 
macrocarpa, and were thought to be the toxic constituent 
which caused permanent blindness when eaten by sheep. It 
has since been suggested that these dibenzofurans may 
actually be metabolites of a fungus associated with the 
fruit. 6 
Naturally occurring dibenzofurans are more 
commonly encountered in lichens where they are believed 
to be formed by pathways peculiar to the symbiotic state 
which exists between the fungal and algal components of 
the lichen unit. Eight dibenzofurans have been identified 
as lichen metabolites and their structures are shown ln 
figure 1. Usnic, isousnic and placodiolic acids are classed 
as dibenzofurans because they do possess the basic dibenzo-
furan nucleus. 
Lichens represent the most advanced form of 
symbiosis known whereby two dissimilar organisms maintain 
a close and enduring association from which both derive 
mutual benefit and gain. 7 Although the lichen comprises a 
fungal and algal component the properties conferred to the 
lichen differ markedly from those of the original symbionts. 
Typically lichens can thrive in dry locations whereas both 
the fungi and algae are moisture dependant. Lichens are 
capable of living in either intense light or semi-darkness 
while algae prefer full light and fungi shade. The lichen 
association produces a new morphological unit with physical 
features, reproductive organs and moisture conserving 
devices which are absent in either of the lichen partners. 
Hence with the unique character of lichens it is not 
2 
surprising that many of the metabolites formed by the 
associated organism are rarely f ound elsewhere ln nature. 
HO 
Didymic acid Strepsilin 
OH R 
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figure 1 
3 
The natural dibenzofurans are thus seen to be a 
small, uncommon family which occur only infrequently 1n nature. 
(ii) Commercial and pharmaceutical uses of dibenzofurans 
Dibenzofuran and its derivatives have found wide 
uses ln industry as wood preservatives8 , as textile dyes 9 and 
as polyarylsulphone polymers suitable for extrusion moulding. 10 
Dibenzofurans containing a terminal unsaturated alkyl chain 
react with p-nitrophenylquinone to produce photoconductive 
, 1 11 materla s. 
However it 1S 1n pharmaceutical research that 
dibenzofuran and its derivatives have been investigated most 
extensively . 
Dibenzofuran has little physiological effect 
, t 1 f 12 1 th h l' t h b d 1" t 13 1 se a oug as een use as an ana ges1c 1n ca s. 
The effectiveness of many dibenzofurans against gram positive 
4 
b t ' h b ' t' d 14 - l7 d h t t' 't ac erla as een 1nves 19ate an t e struc ure - ac 1V1 y 
relationship of such compounds studied. 18 ,19 The biological 
activity of lichen dibenzofurans has been related to the 
presence of the dibenzofuran nucleus, hydroxyl groups and the 
length of the alkyl side chains. Thus decarboxynordidymic 
acid (4), a degradation product of the lichen dibenzofuran 
didymic acid, showed greater activity against Myc obact erium 
tuberculosis avium and staphylococcus aureus than did other 
lichen dibenzofurans and simpler dibenzofurans. 
HO 
(4 ) 
A new water soluble usnlC acid preparation called 
20 
"Usno" has wide antibiotic activity, being useful for the 
treatment of infected burns, impetigo, infected dermatitis 
and many other related infections. 2l 
5 
It is of interest to note that the other characteristic 
lichen products, the depsides and depsidones, have only moderate 
anti-bacterial properties and a synthesis of the more potent 
but rarer dibenzofurans from the readily accessible depsides 
and depsidones would be of importance for the preparation of 
new and powerful antibiotics. 
However not all dibenzofurans are beneficial. Tetra 
22 
and pentachlorodibenzofurans were toxic to chick embryo s 
and the phenanthrodibenzofurans (5) and (6) are carcinogens. 23 
(5 ) ( 6 ) 
The structural relationship between dibenzofuran 
and morphine (7 has resulted in further investigation of the 
. 11 24 physiological properties of dlbenzofurans ' and also in 
attempts to synthesise this important class of analgesic 
alkaloids utilising an appropriately sUbstituted dibenzofuran 
th k · d' 25-28 as e ey lnterme late. 
(7 ) 
The galanthamine alkaloids also contain a dibenzofuran 
d f 1 1 . 29 nucleus an are use u ana geslcs. Galanthamine (8) and 
deoxydemethyllycoramine (9) are typical members of this family. 
OH 
(8 ) (9) 
A third alkaloid family containing a d ibenzofuran 
nucleus has been isolated from Lunaria biennis: O The physio-
logical properties of these lunaria alkaloids have not yet 
been investigated. An example of the family is the alkaloid 
30 (10), which is known only as LBX. 
(10) 
(iii) Syntheses of dibenzofurans 
Synthetic routes to dibenzofurans may be divided 
into the following four classes: 
(a) Syntheses involving phenol, biphenyls or diphenyl ethers. 
These methods are commonly termed the classical or traditional 
syntheses of dibenzofurans. 
(b) The conversion of appropriately substituted benzofurans 
to dibenzofurans or di- or tetrahydrodibenzofurans which are 
6 
subsequently dehydrogenated to form the fully aromatic compounds. 
(c) Unusual synthetic reactions in which dibenzofurans are 
unexpected products. 
(d) Photocyclisation of diphenyl ethers carrying a photo-labile 
group ortho to the ether linkage has now been shown to give 
dibenzofurans and has the advantage that appropriately 
substituted diphenyl ethers are readily obtainable from lichen 
depsidones. 
Classical syntheses of dibenzofurans 
The first classical synthesis was reported in 1874 
when dibenzofuran was isolated in 30% yield by heating phenol 
over litharge. 31 Thorium oxide also catalyses this reaction. 32 
More recently a non-catalytic vapour phase oxidation of phenol 
over silica at 600-650° gave a 59% yield of dibenzofuran~3 
Trace amounts of dibenzofuran were also isolated 
when diphenylether was heated in a hydrogen atmosphere at high 
pressure. 34 Diphenyl ether gave dibenzofuran on pyrolysis 
together with phenol and benzene35 while high temperature gas 
phase chlorination of the ether gave both p-chlorodiphenyl 
ether and dibenzofuran, the yield of the latter being dependent 
36 
on the temperature used. A similar high temperature reaction 
between diphenyl ether, aniline and ammonia on an alurninosili-
cate catalyst gave dibenzofuran and benzene as maJor products. 37 
Pyrolysis of 2-hydroxybiphenyl was also shown to 
give dibenzofuran38 while heating this compound with 30% 
palladium on charcoal gave both dibenzofuran and biphenyl.39 
Another common traditional approach to dibenzofuran 
synthesis utilised the acid catalysed dehydration of 2,2'-
dihydroxybiphenyls. Dehydrating agents such as phosphorous 
pentachloride,40 zinc chloride4l and aqueous hydrobromic acid42 
have all been used successfully. 
7 
Thus initially 2,2',4-trimethoxybiphenyl (l1) was demethylated 
when refluxed in hydrobromic acid to give the phenolic 
intermediate (12) and this was subsequently dehydrated to 
form 3-hydroxydibenzofuran (13) .42 
RO 
OR 
R=CH 3 
(11 ) 
+ 
H 
OR ....... 
(12 ) 
- H 0 OH 2 ) 
OH 
(13) 
Normally the phenolic intermediate is not isolated. 
The method is unsuitable for 2,2'-dimethoxybiphenyls which 
contain either a catechol or monophenolic unit, as complex 
42 
mixtures are formed. 
The mechanism of the process has been extensively 
. t' d 43 , 44 d' 1 . . t' 1 t t' f th lnves 19ate an lnvo ves an lnl la pro ona lon 0 e 
dimethoxy substituted rlng. Subsequent nucleophilic attack 
on the protonated ring by water then leads to the loss of 
methanol and formation of the phenol. Reprotonation of the 
phenol occurs and the subsequent or concerted ring closure 
can be regarded as an intramolecular nucleophilic substitution. 
The mechanism for the demethylation and dehydration of 
2,2',4-trimethoxybiphenyl (11) to the 3-hydroxydibenzofuran (13) 
is shown in figure 2. 
8 
+ 
, 
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figure 2 
By utilisation of this method a large number of 
symmetrical and unsymmetrical dibenzofurans have been 
synthesised . 45 ,46 
The major disadvantage of this approach for the 
synthesis of polyfunctional dibenzofurans arises from the 
difficulty experienced in preparing both the dimethoxybiphenyl 
derivative and the precursors of the dimethoxybiphenyl. 
9 
Furthermore many functional groups do not survive these 
cyclisation conditions e.g . carboxylic acids, esters and any 
acid sensitive groups . 
The a-acetates of 2,2 ' - dihydroxybiphenyls containing 
electron withdrawing groups may undergo ring formation on 
heating with barium carbonate. In this manner a quantitative 
yield of 2,4,6,8-tetranitrodibenzofuran was produced from 
2,2 ' -diacetoxy-3,3' ,5,5'-tetranitrobiphenyl.47 
BaCOj ) 
R = -COCH3 
Fusion of 2-hydroxy-2'-halobiphenyls with alkali has 
1 0 
also been shown to give the dibenzofuran moiety. The formation 
of 3-hydroxydibenzofuran from 2-chloro-2',4'-dihydroxybiphenyl 
illustrates this method. 48 
OH 
CI OH 
Alkali 
Fusion ) 
A related approach is that which involves the facil e 
alkaline hydrolysis of activated 2,2'-dichlorobiphenyls. Fo r 
example 2,2'-dichloro-3,3' ,5,5'-tetranitrobiphenyl has been 
shown to give 2,4,6,8-tetranitrodibenzofuran under these 
d · t' 49 con l lons. 
2 .... Aminophenyl phenyl ethers have also been used as 
precursors to dibenzofurans. In general the Ullmann 
condensation of a phenol on an o-halonitrobenzene gives a 
2-nitrophenyl phenyl ether which is subsequently reduced to 
the amine, diazotised and ring closed to form the dibenzofuran. 
Using this procedure 3-chlorodibenzofuran was obtained from 
1,3-dichloro-4-nitrobenzene. 50 
) 
) 
Similar treatment of the diazonium salts from 
2,2'-diaminobiphenyls has been shown to produce d ibenzofurans 
d ' I' 51,52 an Clnno lnes. Thus diazotisation of 2,2'-diamino-
4,4'-dimethoxybiphenyl gave 3,7-dimethoxydibenzofu ran and 
3,8-dimethoxy-3,4-benzocinnoline.5~ 
11 
RO OR --+ O 
R 
RO 
0 + 
R 
In 1929 Ebe1 53 designed an alternative synthetic 
method which could be used to produce both dibenzofurans and 
tetrahydrodibenzofurans . This method involved the preparation 
of a a-phenoxycyclohexanone (~4). Subsequent treatment of 
(14) with phosphorous pentoxide caused ring closure to give a 
1,2,3,4-tetrahydrodibenzofuran (~51. These compounds could 
be dehydrogenated with palladium on charcoal to give the 
12 
fully aromatic dibenzofuran (16). This procedure is illustrated 
in figure 3 and has been used by Trippett54 for the synthesis 
) 
(14) 
R R 
(0) 
) 
(1 5 ) (16 ) 
figu re 3 
of a series of mono and dimethyldibenzofurans. A modified 
Ebel synthesis was reported by Mc Leod and worth55 fo r the 
preparation of 3-hydroxydibenzofuran in high yield. 
Birch and co-workers 56 have isolated 3-oxo-tetra-
hydrodibenzofurans from the reaction of the adduct (17) of 
sUbstituted 1,3-cyclohexadienes and p-benzoquinones with acid. 
Treatment of these tetrahydro derivatives with palladium on 
charcoal then produced the fully aromatic dibenzofuran. The 
preparation of 2,7-dihydroxydibenzofuran illustrates this 
procedure. 
o (17 ) 
H 
Pd~C o J 
Another useful route to dibenzofurans and 1,2,3,4-
tetrahydrodibenzofurans involves the reaction of 1-morpholino-
cyclohexene (18) with p-benzoquinones. By this method 
Domschke 57 obtained I-morpholino-2-(2,5-dihydroxyphenyl)-1-
cyclohexene (19) which was hydrolysed to give 8 - hydroxy-
1,2,3,4-tetrahydrodibenzofuran (20). Dehydrogenation with 
palladium on carbon then gave 2-hydroxydibenzofuran (21). 
) 
l18 ) 
l19 ) 
Pd/C ) 
(20} (21) 
13 
A similar condensation of p-benzoquinone and the 
morpholine enamine of 2-methylcyclohexanone gave the 
tetrahydrodibenzofuran (22) which was dehydrogenated by 
heating with sulphur at 245 0 to give the 2-acetoxydibenzofuran 
(23) in 70-76% yield . 58 
s 2 
R ) R R 
R1 
2 1 R,R =CH 3 R = C 6 H S 
l221 (23) 
Only twice have these traditional synthetic 
approaches been applied to the syntheses of polyfunctional 
dibenzofurans of the type isolated from lichens. 59 ,60 
Thus pannarol (24) ,60 obtained by the decarboxylation 
of pannaric acid (25), was synthesised by the acid catalysed 
14 
dehydration of 2,2',4',6-tetramethoxy-4,6'-dimethylbiphenyl (26). 
This biphenyl was synthesised by a mixed Ullmann reaction of 
the iodotoluenes (27) and (28). subsequently59 methylation 
and acylation of pannarol was shown to give 2,6-diacetyl-3,9-
dimethoxy-l,7-dimethyldibenzofuran (29) which was then oxidised 
to di-O - methylpannaric acid(30). Methylation gave the diester 
(31) and demethylation gave pannaric acid identical with 
authentic material. Figure 4 illustrates the overall procedure. 
OR R@I 
OR 
R 
l27} 
(24) 
I (30) R = H 
I 
R 
(31) R=CH 
~R Ri} 
I OR 
(28) 
R=CH 3 
OH ) 
) 
3 
figure 4 
R 
R 
R 
RO 
(26) 
OR 
RCO 
(29) 
R 
(25) 
Dibenzofurans by annelation of benzofurans 
+ 
OR 14 
(q) 
) 
Benzofurans have been widely used as precursors to 
both simple and polyfunctional dibenzofurans. A successful 
synthesis of strepsilin di-o-methyl ether 61 utilised a Diels-
Alder reaction between an appropriately substituted 
2-vinylbenzofuran and dimethyl acetylenedicarboxylate to form 
the dibenzofuran nucleus. Everninaldehyde (32) was treated 
with bromoacetaldehyde to form 6-methoxy-4-methylbenzofuran-
2-aldehyde (33). A Wittig reaction with methoxymethylene 
15 
triphenylphosphorane then gave a mixture of c i s, tran s 
6-methoxy-4-methyl-2-(S-methoxyvinyl)-benzofuran (34). The 
trans isomer reacted with dimethyl acetylenedicarboxylate to 
give the dihydrodibenzofuran (35) which was then aromatised 
to the diester (36) . Lithium aluminium hydride reduction of 
(36) produced the diol (37) which underwent selective oxidation 
1n the presence of sodium dichromate and lactone ring formation 
to give the strepsilin di-o-methyl ether (38). This synthesis 
1S illustrated in figure 5. 
R 
RO(O)CHO 
OH 
(32 ) 
R 
) RO 
(34) 
RO 
(35) 
LiAI H4 
-----t) RO 
(37) 
BrCH2CH~ 
R = CH 3 
- H 
figure 5 
R 
RO 
CHO 
(33 ) 
R02CC=CC02R 
cis 1somer ) 
RO 
(36) 
RO 
(38) 
1 6 
This approach overcomes many of the difficulties 
associated with the traditional synthetic routes to dibenzo-
furans and would appear to offer a convenient method for the 
production of similar polyfunctional dibenzofurans. 
A Friedel-Crafts cyclisation of the benzofuran (39)62 
gave 1,2,3,4-tetrahydrodibenzofuran-l-one (40) which was 
oxidised by treatment with N-bromosuccinimide to give 
I-hydroxydibenzofuran (41). 
SOCI 2 
SnCI4 ~HJ3 ) 
' COOH 
(39) 
o HO 
) 
(40) (41 ) 
The base catalysed rlng closure of 2-substituted-3-
benzofuranones also produced 2-oxo-l,2,3,4-tetrahydroxydibenzo-
furans which on oxidation formed fully aromatic dibenzofurans. 
Thus 7-chloro-4,6-dimethoxy-2-(l-methyl-3-oxobutyl) -
3-benzofuranone (42) gave 6-chloro-l,2,3,4-tetrahydro-7,9-
dimethoxy-4-methyl-2-oxodibenzofuran (43) which was then heated 
with oxygen to form 4-chloro - 8-hydroxy-l,3 - dimethoxy-6-methyl-
dibenzofuran (44) .63 
OR 
RO OH ) RO 
(42) (43) 
17 
18 
OR 
) 
RO 
(44) 
Treatment of 2-vinylbenzofuran with stannous chloride 
and ethyl dichloroacetate or l ,~-dichlorodimethyl ether gave 
the dibenzofurans (45) and III respectively~4 
CI2HCOCH3 (1) .l--( -
(45) 
Another unusual method for converting a benzofuran 
into l,2,3,4-tetraphenyldibenzofuran (461 was reported by 
Wittig. 65 Thus 2-lithio-3-bromobenzofuran (47) was converted 
to the organomercury intermediate (48) and this generated 
benzofuryne (49) on pyrolysis. The Diels-Alder reaction of 
(49) with tetraphenylcyclopentadieneone and subsequent 
elimination of carbon monoxide gave (46) in high yield. 
) 
(47) (48) 
) ) + 
(49) (46) 
Unusual routes to dibenzofurans 
Dibenzofurans have been reported as unusual by-
products from a number of reactions. Normally the low yield 
or exotic nature of the reagents involved preclude a useful 
application of the method for preparative purposes. 
A small yield of dibenzofuran was isolated from 
the Ullmann reaction of o-iodochlorobenzene carried out 
d 't 66 un er nl rogen. Dichlorobiphenyl was the major product 
and the formation of dibenzofuran was not explained. 
Flash pyrolysis of nitrobenzene gave a small amount 
of dibenzofuran. 67 Similarly pyrolysis of phenoxarsines such 
as 10-(p-chlorophenyl)phenoxarsine (50) yielded dibenzofuran. 68 
CI 
(50) 
19 
Conversion of bis(dibenziodoliuml sulphate (5l) to 
the 2-acetoxy-2'-iodobiphenyl (52) and refluxing in an alkaline 
solution gave dibenzofuran in quantitative yield. 69 This 
reaction is related to the previously described dibenzofuran 
synthesis from 2-hydroxy-2'-halobiphenyls. 
) 
(51) 
Photosynthesis of dibenzofurans 
I 0 
CH 3CO 
(52) 
OH 
-~) (I) 
20 
The fourth approach to dibenzofuran synthesis involves 
the photocyclisation of appropriately substituted diphenyl 
ethers. Analagous photocyclisation reactions have been reported 
70 71 . 72 . 73 
with diphenylamine ' (53), stllbenes (54) and stllbazoles 
(55) to give respectively carbazole (56), substituted phenan-
threnes (57) and azaphenanthrenes (58). 
hv 
) 
(53 ) 
hv 
) 
(54 ) (57 ) 
hv 
) 
(55) (58) 
Hence by analogy, diphenyl ether might be expected 
to glve dibenzofuran on irradiation, and on one occasion 
74 
such a conversion was reported. However later work has 
d h ' b t' 75-77 not supporte t lS 0 serva lone Indeed the photo-
induced reactions of diaryl ethers has been extensively 
, 75 76 78-81 
stud led " and are found to encompass rearrangement 
to the 2- and 4- hydroxybiphenyl derivatives as well as 
cleavage and formation of substituted benzenes and phenols. 
Thus irradiation of diphenyl ether itself has 
been shown to give 2-hydroxybiphenyl, 4-hydroxybiphenyl and 
phenol,75,80 and irradiation of 4,4'-dimethyldiphenyl ether 
OH 
hv 
) + + 
80 gave 2-(p-tolyl)-4-methylphenol and p-cresol. 
OH 
© 
OH 
R 
© hv ) 
R HO 
In contrast with this behaviour diphenyl ethers 
with a photo-labile group ortho to the ether linkage undergo 
rlng formation on irradiation. Thus 2-chlorophenyl I-naphthyl 
ether undergoes dehydrohalogenation on irradiation to give 
benzo[b]naphthol[2,1-d]furan. 77 
21 
hv 
) 
Further, polychloropyridyl phenyl ethers have been shown to 
give azadibenzofurans in yields of 38-55% when irradiated. 82 
The formation of the azadibenzofurans (59) and (60) from 
irradiation of 2- and 4- tetrachloropyridyl phenyl ethers 
respectively illustrate this procedure. 
CI 
hv 
) 
(59) 
CI 
CI CI 
'--- ).--....()..--@ ) hv 
CI CI 
(60) 
Irradiation of 2-methoxystilbenes produced phenan-
83 threnes. The formation of I-methoxyphenanthrene from 
2,6-dimethoxystilbene being typical of the process. 
hv ) 
22 
A second photocyclisation involving the loss of an 
84 
ortha methoxy group was reported by Kanaoka and Ito~ 
Irradiation of the benzanilides (61) and (62) produced the 
phenanthridones (63) and (64) in yields of 8% and 64% 
respectively. 
@-NHC hv ) 
(61 ) (63) 
(62) (64) 
In Vlew of these reactions the irradiation of 
2-methoxyphenyl phenyl ethers might also be expected to lead 
to dibenzofuran formation. 
If this were so it would provide an attractive 
route to polyfunctional dibenzofurans since the 2-methoxy-
phenyl phenyl ethers can be obtained readily by hydrolysis, 
decarboxylation and methylation of lichen depsidones. The 
proposed synthetic route starting from the lichen depsidone 
notatic acid (65) is illustrated in figure 6. 
OH 
23 
24 
OH ~ OH 
R -CH 
- 3 
OR hv ) RO 
figure 6 
The irradiation of both simple and complex diphenyl 
ethers 1S further discussed in c hapters 2 and 3. 
CHAPTER 2 
The irradiation of polyfunctional 2-methoxyphenyl phenyl 
ethers obtained by the degradation of lichen depsidones 
(i) Introduction 
The depsidones form the second largest group of 
lichen substances and occur widely throughout many lichen 
species. These substances can readily be extracted from the 
lichen thallus by use of organic solvents such as ether or 
acetone. The simplest member of the family, depsidone85 
itself or 2 (2-hydroxyphenoxy)-benzoic acid lactone86 
(ll-H-dibenzo[b,e] [1,4]dioxepine-ll-one) (66) is not known 
naturally. 
o 
(66) 
As traditional methods for the synthesis of poly-
functional 2-methoxyphenyl phenyl ethers are involved and 
inefficient, the utilisation of the natural depsidones for 
the preparation of the 2-methoxyphenyl phenyl ethers was 
investigated. 
The ester linkage of the depsidones undergoes facile 
alkaline hydrolysis to give 2-carboxyphenyl 2-hydroxyphenyl 
ethers and subsequent decarboxylation to form the corresponding 
2-hydroxyphenyl phenyl ethers. Permethylation of the latter 
compounds gives the required polyfunctional ether. 19 
(ii) The conversion of the depsidones to 2-methoxyphenyl 
phenyl ethers 
The first depsidone studied was hypoprotocetraric 
acid (1'-carboxy-2' ,4-dihydroxy-3,3' ,6,6'-tetramethyldepsidone) 
25 
(67), which is found in the Australian lichen Parmelia 
K 1, El . 87 hypoprotocetrarica uro~et lX. 
CH3 (67) 
Hydrolysis and decarboxylation of this depsidone 
by refluxing in aqueous ~O% potassium hydroxide solution gave 
a phenolic intermediate, desoxyhyposalazinol, which was 
methylated with methyl iodide and potassium carbonate in 
dimethylformamide to form desoxyhyposalazinol trimethyl ether88 
(2,4-dirnethoxy-3,6-dirnethylphenyl 3-methoxy-2,5-dimethylphenyl 
ether) ( 68) . 
__ CH 3 
OCH 3 
H3CO CH 3 H C 3 
(68 ) 
In degradations of this type the intermediate 
phenolic derivatives were normally methylated without purifi-
cation. 
Extraction of Parmelia notata Kurok. 89 gave two 
depsidones, notatic acid (1'-carboxy-2'-hydroxy-4-methoxy-
3,6,6'-trirnethyldepsidone) (65) and 4-o-methylhypoprotocetraric 
acid (1'-carboxy-2'-hydroxy-4-methoxy-3,3',6,6'-tetramethyl-
depsidone) (69). 
26 
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(65) (69) 
Hydrolysis and methylation of these acids under the 
conditions mentioned above gave 2,4-dimethoxy-6-methylphenyl 
3-methoxy-2,5-dimethylphenyl ether (70) and desoxyhyposalazinol 
trimethyl ether (68). 
Norstictic acid (6'-dihydroxymethyl-3-formyl-2' ,4-
dihydroxy-3' ,6-dimethyldepsidone-l'-carboxylic acid lactone) 
(71) was isolated from Parmelia substrigosa Hale and reduced 
by refluxing with Zlnc dust in glacial acetic acid to form 
hyposalazinolide (2',4-dihydroxy-6'-hydroxymethyl-3,3' ,6-
trimethyldepsidone-l' -carboxylic acid lactone) (72).88 
Hydrolysis of this compound followed by heating the product 
with copper powder in quinoline was a more satisfactory 
procedure than refluxing the compound in basic solution alone. 
Methylation of the resulting ether gave 2-hydroxymethyl-4,6-
dimethoxy-5-methylphenyl-3-carboxylic acid lactone 3-methoxy-
2,5-dimethylphenyl ether (73). 
27 
o 
(71 ) (72) 
(73) 
Finally an extraction of Hypogymnia billardieri 
(Mont.) Filson gave physodic acid (l'-carboxy-2',4-dihydroxy-
6-(2-oxoheptyl)-6'-pentyldepsidone) (74). This compound 
rearranged to isophysodic acid (75) on treatment with alkaline 
90 
solution and subsequently decarboxylated to form physodone 
(76) . 
(74) I 
R 
RO R' 
(76) R = H 
(77) R = CH 3 
(75) 
OR 
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Methylation of (76) with methyl iodide and potassium 
carbonate in dimethylformarnide for a period of 48 hr gave 
physodone trimethyl ether (6-methoxy-8- (2,4-dimethoxy-6-pentyl) 
phenoxy-3-pentylbenzo[c]pyran-l-one) (77) and a second ether 
identified as 2,4-dimethoxy-6-pentylphenyl 2-carbomethoxy-S-
methoxy-3-(1-methyl-2-oxoheptyl)phenyl ether (78). 
OR R= CH 3 
(78 ) 
This latter compound was most probably formed Vla 
hydrolysis of the lactone ring of (77) to glve a carboxylic 
acid intermediate containing an activated methylene group ln 
the side chain. Further 0- and c- methylation would then 
produce the isolated compound (78). A similar c-alkylation 
has been observed when 3-acetylbenzofuran-2(3H)-one was treated 
with methyl iodide and potassium carbonate in dimethylformamide 
1 t · 91 so u lone The ring cleavage process was obviously slow as 
a second methylation reaction (with starting material of the 
same purity as previously used) of 11 hr duration formed 
physodone trimethyl ether (77) almost exclusively. 
The successful synthesis of these 2-methoxyphenyl 
phenyl ethers showed that the degradation of natural depsidones 
was a satisfactory and general method for the preparation of 
this class of diphenyl ether. 
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(iii) The irradiation of the 2-methoxyphenyl phenyl ethers 
(68), (70), (73), (77) and (78) 
Irradiation of an ethanolic solution of (68) gave 
a 36% yield of 2,7-dimethoxy-l,4,6,9-tetramethyldibenzofuran 
vndc (79) while irradiation of (70) similar conditions resulted 
in the formation of 3,8-dimethoxy-l,4,6-trimethyldibenzofuran 
(80) in a similar yield. 
(79) (80) 
When the ether (73) was irradiated a low yield of 
the dibenzofuran 2,7-dimethoxy-4-hydroxymethyl-1,6,9-trimethyl -
dibenzofuran-3-carboxylic acid lactone (81) was isolated 
together with unreacted ether. 
(81 ) 
Physodone trimethyl ether (77) gave an unexpected 
dibenzofuran on irradiation and this was identified as methyl 
1,8-dimethoxy-3-(2-oxoheptyl)-6-pentyldibenzofuran-4 - carboxy -
late (82). No trace of the expected dibenzofuran, 4- carboxy-
lactone-3-(2-hydroxy-l-heptenyl)-1,8-dimethoxy-6-pentyldibenzo-
furan (83), was isolated. 
3 0 
(82) (83) 
From the irradiation of the ether (78) the dibenzo-
furan methyl 1,8-dimethoxy-3-(1-methyl- 2-oxoheptyl)-6-pentyl-
dibenzofuran-4-carboxylate (84) was formed. 
(84 ) 
The success of these photo-induced reactions shows 
that this photocyclisation route provides an attractive 
alternative to the classical acid catalysed cyclisations of 
2,2'-dihydroxybiphenyls for the preparation of polyfunctional 
dibenzofurans. Furthermore it provides the key step for 
converting the biologically inactive depsidones to the more 
potent dibenzofurans. 19 
However these dibenzofurans possess either a 1,8-
or a 2,7-dimethoxy grouping while natural lichen dibenzofurans 
possess either a 3,7 or 1,7 combination of hydroxy l (and/or 
methoxyl) groups. This difference prevented the direct 
conversion of a depsidone to a naturally occurring dibenzo -
furan by this irradiation procedure. 
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(iv) A further investigation of the irradiation of physodone 
trimethyl ether (77) 
(a) There are two possible explanations for the formation of 
the dibenzofuran (82), isolated after irradiation of physodone 
trimethyl ether (77). The first possibility was to assume 
that the methoxy radical, formed by the irradiation of the 
ether, caused cleavage of the lactone ring to form the ester 
function of the isolated dibenzofuran. Subsequent enol-keto 
tautomerisation of the 2-hydroxy-l-hepten yl moiety so formed 
would then give the more stable 2-oxoheptyl group of (82). 
The second possibility was that in the preparation 
of the ether (77) a small amount of the ether, 2,4-dimethoxy-
6-pentylphenyl 2-carbomethoxy-5-methoxy-3-(2-oxoheptyl)phenyl 
ether (85) was also formed but not detected and it was this 
ether, rather than the physodone trimethyl ether, which gave 
rise to the dibenzofuran (82) on irradiation. 
hv (82) QCH 3 ) ? 
. 
(85) 
If the former explanation were correct then irradiation 
of a methanolic solution of physodone triethyl ether (6-ethoxy-
8-(2,4-diethoxy-6-pentyl)phenoxy-3-pentylbenzoIcJpyran- I-one) 
(86) would be expected to produce ethyl 1,8-diethoxy-3-(2 - oxo-
heptyl)-6-pentyldibenzofuran-4-carboxylate (87). 
(86) 
Furthermore the irradiation of highly purified 
physodone trimethyl ether should be sufficient to determine 
if the second explanation of the formation of (82} were valid. 
(b) The irradiation of physodone triethyl ether (861 and of 
spectroscopically pure physodone trimethyl ether D7} 
Physodone 06) was prepared from physodic acid by 
the method of Asahina and Nogami 90 and ethylated with diethyl 
sulphate and potassium carbonate in refluxing acetone to give 
physodone triethyl ether (86) in good yield. A methanolic 
solution of the ether was then irradiated. Unreacted ether 
and olivetonide monoethyl ether (6-ethoxy-8 - hydroxy- 3-pentyl-
benzo[c]pyran-l-one) (88) were isolated. The latter compound 
was formed by cleavage of the ether linkage of (86). There 
was none of the ethyl ester (87) isolated. 
(88) 
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When pb.-ysodone (again prepared by the. .me.thod of 
Asahina and Nogami90 ) was metIiylated by treatment wit~ dilpeth.yl 
sulphate and potassium carbonate in refluxing acetone, phXsodone 
trimethyl ether (771 was obtained in whi~~no trace of the ring 
opened ester (851 could be detected. On irradiation of thl~ 
material none of the dilienzofuran (82J ontained pre.vi,ously was 
isolated . Two cleavage products, olivetonide monomethyl 
ether (8-hydroxy-6-methoxy-3-pentylbenzo[c]pyran-l-one) (89)90 
and 6-methoxy-3-pentylbenzo[c]pyran-l-one (90) were the maJor 
products of this irradiation together with a very small 
quantity of ethyl 1,8-dimethoxy-3-(2-oxoheptyl)-6-pentyldi-
benzofuran-4-carboxylate (91). This dibenzofuran probably 
arose V1a solvolysis of the lactone ring of (77). 
o 
(89) (90) (91) 
The results appear to confirm that the formation of 
(82) 1n the original irradiation of physodone trimethyl ether 
(77), was caused by the presence of a small amount of the 
r1ng opened ester (85) in the starting material rather than 
by a photo-initiated ring cleavage and methylation process. 
The fact that ether cleavage predominated on the irradiation 
of physodone triethyl and trimethyl ether 1S discussed further 
1n chapter 6. 
CHAPTER 3 
The synthesis and irradiation of simple methoxyphenyl phenyl 
ethers 
(i) Introduction 
Because the irradiation of the polyfunctional 
2-methoxyphenyl phenyl ethers led to dibenzofuran formation 
or ether cleavage, with no rearrangement products being 
observed, it was possible that functionally less complex 
methoxyphenyl phenyl ethers could undergo an analogous 
photocyclisation process. This possibility was subsequently 
investigated . 
(ii) The synthesis of simple methoxyphenyl phenyl ethers 
In contrast to polyfunctional 2-methoxyphenyl phenyl 
ethers, simple methoxyphenyl phenyl ethers are readily 
synthesised by the Ullmann reaction of either a methoxyphenol 
and bromobenzene derivatives or phenol and haloanisole 
derivatives, by refluxing the reactants with copper (I) oxide 
in collidine. The following methoxyphenyl phenyl ethers were 
prepared by this procedure (except 4-methoxyphenyl 4-methyl-
phenyl ether (92) which was prepared by the method of Tomita 
and co-workers) .92 
Thus 4-bromotoluene was reacted successively with 
4-methoxyphenol, 3-methoxyphenol and guaiacol (2-methoxyphenol) 
to give 4-methoxyphenyl 4-methylphenyl ether (92), 3-methoxy-
phenyl 4-methylphenyl ether (93) and 2-methoxyphenyl 4-methyl -
phenyl ether (94) respectively. 
(92 ) 
I 
R 
, 
(93} R = H, R= CH 3 
I (94) R = O CH 3 . R =H 
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Similarly the Ullmann reaction of 2-methoxy-6-methyl -
phenol (obtained via the Clemmensen reduction of a-vanillin) 
and 4-bromotoluene gave 2-methoxy-6-methylphenyl 4-methylphenyl 
ether (96). 
The reaction of 4-hydroxytoluene and l-bromo-2,4-
dimethoxybenzene gave 2,4-dimethoxyphenyl 4-methylphenyl ether 
(95) while the reaction of guaiacol with I-bromo-3 - methoxy-
benzene gave 2-methoxyphenyl 3-methoxyphenyl ether (97). 
(961 (95) 
(97) 
(iii) The irradiation of the ethers (92), (93), (94), (95), 
( 9 6 ) and (97) 
When these ethers were irradiated the maJor reaction 
observed was a rearrangement process which resulted in the 
formation of hydroxybiphenyl derivatives. . On two occaSlons 
(with ethers (92) and (95)) a displacement of the 4-methoxy 
group was observed but this still resulted in biphenyl 
formation rather than a ring cyclisation. 
There were small quantities of dibenzofurans formed 
by photocyclisation of the 2-methoxyphenyl phenyl ethers (95), 
( 9 6 ) and ( 97) . 
The compounds formed and their identification 
The formation of hydroxybiphenyls in these 
irradiation reactions was inferred by routine spectroscopic 
analysis . However in order to determine the substitution 
pattern of the hydroxybiphenyls formed they were methylated 
with dimethyl sulphate in the presence of potassium carbonate 
and the resulting methoxybiphenyls identified by spectral 
comparison with methoxybiphenyls of known structure. The 
latter were synthesised via an independant and unambiguous 
procedure . 
Thus irradiation of 4-methoxyphenyl 4-methylphenyl 
ether (92) gave the known biphenyl, 4-hydroxy-4'-methylbiphenyl 
(98), together with 2-hydroxy-S-methoxy-4'-methylbiphenyl (99) 
identified by methylation of (99) and comparing the ether with 
authentic 2,S-dimethoxy- 4'-methylbiphenyl (100). A second 
hydroxybiphenyl of molecular formula C14H1402 was also isolated 
from the irradiation but the structure remains unknown. 
Methylation of this phenol and comparison with the logical 
isomer, 2,4'-dimethoxy-S-methylbiphenyl (101), showed that 
these compounds were not identical. 
(98) 
CH 3 
(101 ) 
H 
(99) R=H 
(1 00 ) R=CH 3 
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A single product was isolated from the irradiation 
of 3-methoxyphenyl 4-methylphenyl ether (93), and this was 
identified as 2-hydroxy-3'-methoxy-5-methylbiphenyl (102). 
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The alternative structure, 4-hydroxy-2-methoxy-4'-methylbiphenyl 
(103), was eliminated by methylation of the hydroxybiphenyl 
and comparing it with authentic 2,3'-dimethoxy-5-methylbiphenyl 
(104) and 2,4-dimethoxy-4'-methylbiphenyl (105). 
(102) R=H 
(104) R=CH 3 
RO 
(103) R=H 
(105) R=CH 3 
Similarly 2-methoxyphenyl 4-methylphenyl ether (94) 
gave 2-hydroxy-2'-methoxy-S-methylbiphenyl (106) rather than 
4-hydroxy-3-methoxy-4'-methylbiphenyl (107). Again this 
hydroxybiphenyl was identified by comparing its methyl ether 
with authentic 2,2'-dimethoxy-S-methylbiphenyl (108) and 
3,4-dimethoxy-4'-methylbiphenyl (109). 
RO 
(l06 ) 
(108) R =CH 3 
(107) R = H 
(109) R = CH 3 
Unexpectedly, irradiation of 2,4-dimethoxyphenyl 
4-methylphenyl ether (95) gave a low yield of 4 - hydroxy-3-
methoxy-4'-methylbiphenyl (107), which was identified by 
methylation to glve a product identical to authentic 3,4-
dimethoxy-4'-methylbiphenyl (109). A low yield of 2-methoxy-
8-methyldibenzofuran (~lO) was also isolated from this 
irradiation. 
ll~O) 
The 2-methoxy.,....,6-meth-ylphenyl 4-meth.~lphenyl ethel;' 
(96) followed the pattern of rearrangement oDserved wlien the 
ethers (93) and (94, were irradiated and yielded 2-~xdroxy-
2'-methoxy-5,6'-dimethylbiphenyl (Ill) plus a small amount 
of 2,6-dimethyldibenzofuran (112). That the biphenyl formed 
was (Ill) and not the alternative 4-hydroxy-3-methoxy-4',5-
dimethylbiphenyl (113) was again proven by methylation of 
the hydroxybiphenyl which gave an ether identical with 
2,2'-dimethoxy-5,6'-dimethylbiphenyl (114) rather than 
3,4-dimethoxy-4',5-dimethylbiphenyl (115). 
(lll) R = H 
(114) R=CH 3 
(113) R = H 
(115) R = CH3 
(112) 
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Finally irradiation of 2-methoxyphenyl 3-methoxy-
phenyl ether (97) gave a para rearrangement product, 4-hydroxy-
3,3'-dimethoxybiphenyl (116). This contrasts with the ortho 
rearrangements observed with the ethers (93), (94) and (96) 
(and in part with (92)). The methyl ether of (116) was 
identical with authentic 3,3',4-trimethoxybiphenyl (117). 
I-Methoxydibenzofuran (118) was also identified as a mlnor 
product from the irradiation. 
(118 ) 
(117) R =CH3 
(iv) Conclusion 
The results obtained from irradiation of these 
simply substituted methoxyphenyl phenyl ethers were quite 
different from the results observed with the polyfunctional 
2-methoxyphenyl phenyl ethers. With the former compounds 
photocyclisation occurred only to an extremely limited extent, 
the major reaction pathway involved rearrangement to form 
hydroxybiphenyl derivatives and this is in agreement with 
preVlOUS observations of the irradiation of simple diaryl 
ethers. The presence of a methoxy sUbstituent para to the 
diaryl ether linkage gave rlse to a rearrangement process 
where displacement of the para methoxy substituent occurred, 
presumably by the phenyl radical formed on cleavage of the 
diaryl ether linkage. Analogous displacements of methoxy 
sUbstituents have been reported by Chan and Elix 28 and by 
Bradshaw and co-workers. 93 
Thus while the photocyclisation of polyfunctional 
2-methoxyphenyl phenyl ethers is a satisfactory method for 
the preparation of dibenzofurans, the irradiation of simple 
2-methoxyphenyl phenyl ethers is not. 
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CHAPTER 4 
The Ullmann synthesis of biphenyls 
(i) Introduction 
The most cornmon method of producing both symmetrical 
and unsymmetrical biphenyls is via the Ullmann reaction, 
where the biaryl is formed through the condensation of two 
molecules of an aromatic halide in the presence of finely 
divided copper powder. The nature and scope of the reaction 
h b t ' 1 'd b F t 94,95 d 'II t ave een ex enSlve y reVlewe y an a an Wl no 
be further discussed here. 
(ii) The preparation of authentic biphenyls Vla the mixed 
Ullmann reaction 
4-Iodotoluene was reacted in turn with l-iodo-2,5-
dimethoxybenzene,96 l-iodo-2,4-dimethoxybenzene;8 l-iodo-3,4-
dimethoxybenzene 99 and 5-bromo-2,3-dimethoxytoluene (prepared 
from 2-hydroxy-3-methoxybenzaldehyde via bromination and 
Wolf-Kishner reduction) to give the biphenyls 2,5-dimethoxy- 4'-
methylbiphenyl (100), 2,4-dimethoxy-4'-methylbiphenyl (105), 
3,4-dimethoxy-4'-methylbiphenyl (109) and 3,4-dimethoxy-4' ,5-
dimethylbiphenyl (115) respectively. 
In a similar series of reactions 3-iodo-4-methoxy-
97 toluene was reacted with l-iodo-4-methoxybenzene, l-iodo-3-
methoxybenzene, l-iodo-2-methoxybenzene and 2-iodo-3-methoxy-
toluene (prepared from m-cresol (3-hydroxytoluene) by 
modification of the method of GibsonlOO ) to yield the biphenyls 
2,4'-dimethoxy-5-methylbiphenyl (101), 2,3'-dimethoxy-5-methyl-
biphenyl (104), 2,2'-dimethoxy-5-methylbiphenyl (108) and 
2,2'-dimethoxy-5,6'-dimethylbiphenyl (114) respectively. 
The final biphenyl, 3,3~4-trimethoxybiphenyl (117), 
was prepared via the Ullmann reaction of l-iodo-3-methoxy-
benzene with l-iodo-3,4-dimethoxybenzene. 
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(iii) Conclusion 
The Ullmann reaction proved to be a suitable 
procedure for the unambiguous preparation of unsymmetrical 
biphenyls, although the isolated yields were generally low. 
In these Ullmann reactions there was normally no attempt 
to isolate the symmetrical biphenyls formed concurrently 
with the unsymmetrical products. 
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CHAPTER 5 
A synthetic approach to didymic acid and related dibenzofurans 
(i) Introduction 
The lichen dibenzofuran didymic acid (119) was first 
isolated by Asahina lOl in 1939 from lichens of the Cladonia 
f '1 d t' t d' b h' d' 102 ,103 aml y. Degra a lve s u les y Asa lna an M1ZUO, Nogaml 
and Shibatal04 showed didymic acid to be 3-hydroxy-7-methoxy-l-
pentyl-9-propyldibenzofuran - 2-carboxylic acid. 
(119 ) 
In an effort to extend the synthesis of dibenzofurans 
by irradiation of 2-methoxyphenyl phenyl ethers, an attempt 
was made to synthesise didymic acid and two of its degradation 
products, decarboxydidymic acid104 (120) and 7-o - methylde-
carboxydidymic acid104 (121) via the irradiation of the 
2-methoxyphenyl phenyl ethers, 2,S-dimethoxy-3-propylphenyl 
4-carboethoxy-3-methoxy-S-pentylphenyl ether (122), 2,S-di ~ 
methoxy-3 -propylphenyl 3-hydroxy-S-pentylphenyl ether (123) 
and 2,S-dimethoxy-3-propylphenyl 3-methoxy-S-pentylphenyl 
ether (124). 
(120) R=H 
(121) R=CH 3 (122 ) 
R=CH 3 
4 3 
CH 30 
(123) R = H 
(124) R=CH 3 
O R 
(ii) The synthetic approach to the dibenzofurans (119), (120) 
and (121) 
(a) Didymic acid (ll9) 
Irradiation of 2,5-dimethoxy-3-propylphenyl 4-carbo-
ethoxy-3-methoxy-5-pentylphenyl ether (122) was expected to 
produce two isomeric dibenzofurans: ethyl 3,7-dimethoxy-l-
pentyl-9-propyldibenzofuran-2-carboxylate (125) and ethyl 
1,7-dimethoxy-3-pentyl-9-propyldibenzofuran-2-carboxylate 
(126). Demethylation of the 3-methoxy group of (125) by 
means of boron trichloride170 should then have produced ethyl 
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3-hydroxy-7-methoxy-1-pentyl-9-propyldibenzofuran-2-carboxylate 
(127). Ester hydrolysis of (127) would then have given 
synthetic didymic acid. The proposed route is outlined In 
figure 7. 
RO 
(126) 
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hv , 
, 
RO OR 
RO 
(122) (125 ) 
(119 ) 
RO 
(127) 
figure 7 
(b) Decarboxydidymic acid (l20) 
To prepare the dibenzofuran (l20) 2,5-dimethoxy-3-
propylphenyl 3-hydroxy-5-pentylphenyl ether (l23) was to be 
irradiated . 1-Hydroxy-7-methoxy-3-pentyl-9-propyldibenzofuran 
(128) was also expected to result from this irradiation. 
(123 ) hv 
--.... , U20} 
(128) 
(c) 7-o-Methy1decarboxydidymic acid (121) 
An irradiation of 2,S-dimethoxy-3-propy1pheny1 
3-methoxy-S-penty1pheny1 ether (124) was expected to produce 
7-o-methy1decarboxydidymic acid (121) and 1,7-dimethoxy-3-
pentyl-9-propy1dibenzofuran (1 29). 
(124 ) hv ) (121) + 
(129) 
(iii) Synthesis of the 2-methoxypheny1 phenyl ethers (122), 
(123 ) and (124 ) 
(a) 2,S-Dimethoxy-3-propy1pheny1 4-carboethoxy-3-methoxy-S -
penty1pheny1 ether (122) 
The ether (122) was synthesised by a modified 
Ullmann reaction92 between 1-bromo-2,S-dimethoxy-3-propy1-
benzene (130) and ethyl 4-hydroxy-2-methoxy-6-penty1benzoate 
(131) . 
H 7C3 OCH CSH11 @Br3 + HO(O)C02C2Hs CuO ) (122 ) 
CH 30 OCH3 
(130) (131 ) 
(b) 2,S-Dimethoxy-3-propy1pheny1 3-hydroxy-S-penty1pheny1 
ether (123) 
The modified Ullmann reaction of (130) and oliveto1 
monobenzy1 ether (3-benzy1oxy-S-penty1pheno1) (132) gave 
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2,5-dimethoxy-3-propylphenyl 3-benzyloxy-5-pentylphenyl ether 
(133) which was then hydrogenolysed to give the ether (123). 
Removal of the benzyl group of (133) before irradiation was 
necessary as the benzyl phenyl ether moiety present in ether 
(133) would also have undergone rearrangement if irradiated. 81 
Cs H11 CSH11 
ct> CH 20 @ OH 
(1301 + Cuo) 
@ 
(132) (133 ) 
H2 
---+) R=CH 3 
RO OH 
(123) 
(c) 2,5-Dimethoxy-3-propylphenyl 3-methoxy-5-pentylphenyl 
ether (124) 
An Ullmann reaction of (130) and olivetol monomethyl 
ether (3-methoxy-5-pentylphenol) (134) gave the ether (124) 
directly . 
(130) + ) (124 ) 
(134 ) 
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In a study of the effectiveness of the classical 
and modified Ullmann reactions Cannon and co-workersl05 showed 
92 that the modification of Tomita and co-workers produced the 
most satisfactory yields and it was this modification which 
was used in the synthesis of the ethers (122), (123) and (124). 
(iv) Synthesis of the key intermediates (130), (131), (132) 
and (134) 
(a) I-Bromo-2,5-dirnethoxy-3-propylbenzene (130) 
k ,l06,107 t' btl 4 d'h d b A Nenc 1 reac lon e ween , - 1 Y roxy enzene , 
propionic acid and anhydrous zinc chloride gave 2,5-dihydroxy-
propiophenone (135) in variable yield. This reaction requires 
the use of anhydrous zinc chloride and any degree of moisture 
present ln the salt affected the efficiency of the condensation. 
Methylation of the non-intrarnolecularly bonded hydroxy group 
of (135) with methyl iodide in the presence of potassium 
carbonate formed 2-hydroxy-5 - methoxypropiophenone (136). 
Bromination of (136) with a chilled solution of bromine in 
carbon dl'Sulphl'del08 gave b 2 h d 5 th ' a - romo- - y roxy - - me oxyproplo-
phenone (137) instead of the expected 3- bromo-2 - hydroxy- 5-
methoxypropiophenone (138). 
OH Br 
© COCHCH 3 
OCH 3 
(137) (138) 
To remove the activity o f the methy lene p rotons 
adjacent to the carbony l group in (136), the carbonyl function 
was reduced by a Clemrnenson reduction to 4-methoxy- 2-propyl -
phenol (139). This compound was brominated to produce 
2-bromo-4-methoxy-6-propylphenol (140) In good yield. 
Methylation of this phenol with either diazomethane or dimethyl 
sulphate gave the required key intermediate (130). 
The complete synthesis is shown in figure 8. 
OH OH OH 
© 
Cl HS OOH © COC2H5 CH31 ) ©rOC2H5 ) 
ZnCI 2 
OH OH OCH 3 
(135) (136) 
OH HO 
(H) ) © C3H7 Br2 ) Br© C3H7CH N 2 2) (130) 
OCH3 OCH 3 
(139) (140) 
figure 8 
To avoid the variable yield associated with the 
Nencki reaction the acylation of 1,4-dimethoxybenzene with 
propionic anhydride and aluminium chloride was also studied. 
As methoxy groups artha to a carbonyl function are demethylated 
by refluxing with an excess of aluminium chloride in nitro-
110 benzene , this acylation process converted the initially 
formed, but unisolated, 2,S-dimethoxypropiophenone (141) to 
the 2-hydroxy-S-methoxypropiophenone (136) in a single reaction 
instead of the sequential acylation and methylation steps 
49 
required when 1,4-dihydroxybenzene was used as starting material. 
OR OH @N02 
© 
~2H5CO)20 © COC2HS ) ) 
AICI 3 AICI 3 
OR OR OR 
R=CH 3 
(141 ) (136) 
The yield of (13 6 ) from this one-step process was 
22% while that of the two separate reactions ranged from 8 
to 15%. 
Since the C1emmenson reduction of the ketone (136) 
proceeded in low yield, an alternative bromination procedure 
of this compound was studied in the hope of producing a 
brominated derivative which could then be reduced more 
efficiently . 
Methylation of (13 6 ) by the method of Krausz and 
III 
co-workers produced 2,5-dimethoxypropiophenone (142). 
Bromination of this compound gave a product whose proton 
magnetic resonance spectrum was consistent with that of 
4-bromo-2,5-dimethoxypropiophenone (143), rather than the 
expected 3-bromo compound (144). 
OR C2H ~ OR 2 , 
(136) (CH 3) 2504 :@ :O Br2 ) © COC2Hs ) 
Br 50R OR 
(142) (143 ) 
R=CH 3 Br 
OR 
<O)COC2HS 
RO 
(144) 
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Although the 3-position of the ketone (142) should 
be more susceptible to electrophilic attack than the 4-position 
on electronic grounds, the formation of the 4-bromo compound 
(143) could be explained by the steric interaction between 
the 2-methoxy and the propionyl groups which renders position 
3 sterically less favourable for bromination than position 4. 
A second approach to the preparation of (130) utilised 
the Claisen rearrangement of 1-o-allyl-4-methoxybenzene (145) 
as the key synthetic step . The reaction of 4-methoxyphenol 
with allyl bromide in the presence of potassium carbonate 
gave the ether (145). Claisen rearrangement of this ether 
gave 2-allyl-4-methoxyphenol (146), catalytic reduction of 
which produced 4-methoxy-2-propylphenol (139), and thus an 
alternative route to the bromo compound (130). The overall 
scheme is depicted in figure 9. 
OH @ + CH 2=CHCH 2Br K2CO~ 
OR 
(145) 
) (139) 
(146) 
figure 9 
A third route to the key bromo compound (130) was 
also investigated. Thus an Elb's persulphate oxidation112 
of 3-bromo-5-propylphenol (147) (prepared from 3- hydroxy-
benzaldehyde) or hydroxylation of l-bromo-3-methoxy-5-propyl-
benzene (148) via thallation, oxidation and hydrolysis by the 
. 113 114 
method of McKlllop and co-workers ' were to have been 
used to introduce the second hydroxyl function. These 
procedures were expected to give l-bromo-2,5-dihydroxy-3-
propylbenzene (149) and 2-bromo-4-methoxy-6-propylphenol (140) 
respectively. Methylation of these intermediates would then 
have given (130) with no ambiguity concerning the position of 
the bromine substituent. These synthetic approaches are shown 
in figure 10. 
R Br© Br 
HO Br 
Br @ 
(152 ) 
R 
cH
3
o© Br II il 
(148) 
(150 ) 
(147) 
R 
© OH ) CH
3
0 0 Br 
(140) 
figure 10 
(151) 
R 
----NII~) ©OH 
HO Br 
(149) 
1 
) (130) 
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) 
3-(a-hydroxypropyl)phenol (150) was prepared by a 
reaction of m-hydroxybenzaldehyde (3-hydroxybenzaldehyde) 
and ethyl magnesium bromide. Catalytic reduction of the 
alcohol gave 3-propylphenol (151). Bromination of (151) with 
115 
a mixture of bromine and aluminium powder gave 2,3,4,6-
tetrabromo-5-propylphenol (152). Debromination of the 
activated 2,4 and 6 positions of (152) by refluxing with 
1 " hI 'd 'b 116 d d 3 b 5 1 a umlnlUffi c orl e ln enzene pro uce - romo- -propy -
phenol (147) which was methylated to give l-bromo-3-methoxy-5-
propylbenzene (148). 
As the conversion of 3-propylphenol (151) to l-bromo-
3-methoxy-5-propylbenzene (148) via the tetrabromo intermediate 
(152) was an involved synthetic sequence an alternative route 
to (148) was investigated concurrently. 
The conversion of phenols to chlorobenzenes by 
treatment with triphenylphosphine dichloridel17 or diphenyl -
phosphine trichloridel18 is well documented. Moreover the 
preparation of l-bromo-4-methoxybenzene from 4-methoxyphenol 
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119 by use of triphenylphosphine dibromide has also been reported. 
An attempt to prepare I-bromo-3-methoxy-5-propylbenzene (148) 
from 3-methoxy-5-propylphenol (153) by treatment with tri-
phenylphosphine dibromide was therefore undertaken. 
Ethyl divarinolcarboxylate120 (Ethyl 2,4-dihydroxy-
6-propylbenzoate) (154) was selectively methylated to form 
ethyl 2-hydroxy-4-methoxy-6-propylbenzoate (155) in almost 
quantitative yield. Hydrolysis and decarboxylation of this 
120 
compound by the method of Anker and Cook gave a high yield 
of 3-methoxy-5-propylphenol (153). Treatment of this phenol 
with triphenylphosphine dibromide at 200 0 resulted in 
degradation of the phenol and no trace of the required I-bromo-
3-methoxy-5-propylbenzene (148) could be isolated. This 
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unsuccessful synthetic approach is shown ln figure 11. 
-OH ) 
(154 ) (155) 
R 
4>3 PBr2 R'O@Br R= C3H7 ~ ) I R' CH II 3 
(153 ) (148) 
figure 11 
Persulphate oxidation of (147) followed by methylation 
of the crude product produced only trace amounts of the mono-
methylated product, 2-bromo-4-methoxy-6-propy1phenol (140). 
The alternative process involving the hydroxylation 
of I-bromo-3-methoxy-5-propy1benzene (148) was then investigated. 
. 113 114 McKlllop and co-workers ' have described the 
preparation of a series of phenols from variously sUbstituted 
benzenes by means of a thallation procedure which utilised 
thallium trifluoroacetate. The position of thallation followed 
the normal rules of electrophilic sUbstitution of the aromatic 
nuclei, so that I-bromo-3-methoxy-5-propylbenzene (148) was 
expected to react at the 6 position, that is para to the 
methoxy group . The reactions were completed by oxidation of 
the aryl thallium trifluoroacetate derivative initially formed 
to form an aryloxytrifluoroacetate, which on alkaline 
hydrolysis gave the free phenol. 
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However when this procedure was attempted with (l48) 
as the starting material only unreacted starting material was 
isolated and no phenolic material was detected. 
The failure of both the Elb's reaction and the 
thallation process may possibly be explained by steric 
hindrance of the position of initial attack in compounds 
(147)and (148), by the adjacent propyl and bromo sUbstituents. 
(b) Ethyl 4-hydroxy-2-methoxy-6-pentylbenzoate (131) 
The key precursor for the synthesis of (131) was 
ethyl olivetolcarboxylate (ethyl 2,4-dihydroxy-6-pentylbenzoate) 
(156) and this was prepared by the method of Anker and Cook. 120 
(156) 
Benzylation of the non-intramolecularly bonded 
hydroxy group of (156) with benzyl chloride in the presence 
of potassium carbonate gave ethyl 4-benzyloxy-2-hydroxy-6-
pentylbenzoate (157) in low yield. Methylation of (157) 
with dimethyl sulphate produced ethyl 4-benzyloxy-2-methoxy-
6-pentylbenzoate (158). An attempt to benzylate (156) with 
phenyldiazomethane was unsuccessful as no reaction occurred. 
Hydrogenolysis of (158) removed the protecting benzyl group 
to form the ester ethyl 4-hydroxy-2-methoxy-6-pentylbenzoate 
(131). The overall synthesis of this compound is illustrated 
in figure 12. 
(156 } 
(157 ) 
R 
© ' C0 2R HO O OCH 3 ) 
(158 ) (131 ) 
figure 12 
(c) Olivetol monobenzyl ether (132) 
Olivetol120 (1,3-dihydroxy-5-pentylbenzene) (159) 
was converted to the dibenzyl ether, 1,3-dibenzyloxy-5-pentyl-
benzene (160) by treatment with benzyl chloride and potassium 
carbonate in refluxing acetone. Catalytic hydrogenation of 
(160) with 10% palladised charcoal until one mole equivalent 
of hydrogen had been adsorbed gave a 50% yield of (132). 
(159 ) (160 ) (132 ) 
(d) Olivetol monomethyl ether (134) 
Methylation of olivetol (159) gave olivetol dimethyl 
ether (1,3-dirnethoxy-5-pentylbenzene) (161) which was converted 
to olivetol monomethyl ether (134) by the modified procedure 
of Feutrill and Mirrington. 121 ,122 
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(159) 
(161 ) (134 ) 
R ='CSH 11 
(v) Irradiation of the ethers (122), (123) and (124) 
(a) 2,5-Dimethoxy- 3-propylphenyl 4-carboethoxy- 3 - methoxy- 5-
pentylphenyl ether (122) 
Irradiation of the ether (122) produced neither of 
t h e expected dibenzofurans (125) and (126), but instead a 
hydroxy biphenyl was isolated. There are three probable 
structures for this compound : Ethy12-hydroxy- 3,3',6-
trimethoxy-5'-pentyl-4-propylbiphenyl - 4'-carboxylate (162) , 
ethyl 6-hydroxy-2',4,5'-trimethoxy- 2- pentyl - 3'-propylbipheny1 -
3-carboxylate (163) or ethyl 6- hydroxy- 2, 2 ' ,5 ' ·-trimethoxy-
4-pentyl-3'-propylbiphenyl - 3- carboxylate (164). 
II 
R 
, 
R OH 
--I 
R OCH3 
HO 
(162 ) (163) 
R = C2H S 
I 
R = C H 3 7 R' I, 
R = C SH 11 
- -
(164 ) 
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(b) 2,5-Dimethoxy-3-propylphenyl 3-hydroxy-5-pentylphenyl 
ether (123) 
A minute «lmg) trace of a dibenzofuran was isolated 
after the irradiation of (123). A comparison of the ultra-
violet spectrum of this product with that of 1,7 - dihydroxy-
3,9-dimethyldibenzofuran 123 (165) and 3,7 - dihydroxy-1,9 -
dimethyldibenzofuran123 (166) indicated that the dibenzofuran 
isolated was I-hydroxy-7-methoxy-3-pentyl-9-propyldibenzofuran 
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(167). Table 1 shows the Amax values of the three dibenzofurans. 
HO 
(165 ) 
(166 ) 
I 
R 
I 
R=OH R=CH 3 
I I 
R=CH 3,R= OH 
Dibenzofuran No. 
A 
max 
165 
236 
267 
287 
300 
312 
166 167 
242 
264 268sh 
290 
302 299sh 
312 313 
Table 1 
OH 
(167 ) 
(c) 2,5-Dimethoxy-3-propylphenyl 3-methoxy- 5-pentylphenyl 
ether (124) 
Neither dibenzofuran nor hydroxy biphenyl products 
were isolated from the irradiation of the ether (124). When 
the irradiation was repeated in cyclohexane rather than 
alcohol it appears as if complete degradation of (124) 
occurred. 
The failure of these irradiations to produce any 
significant yield of dibenzofuranoid products indicated that 
the photocyclisation of polyfunctional 2-methoxyphenyl phenyl 
ethers with the elimination of the elements of methanol, 1S 
not a general reaction and, in particular, it appears 
unsatisfactory when applied to the preparation of some poly-
functional dibenzofurans, where rearrangement or degradative 
pathways are preferentially followed. 
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CHAPTER 6 
A mechanistic interpretation of the irradiation of 2-methoxy-
phenyl phenyl ethers 
(i) Introduction 
Radical substitution in aromatic nuclei and homolytic 
aromatic arylation are the subjects of extensive reviews by 
D d d ' 124 d d d '11' 125 d h ermer an Elson an Augoo an Wl lams an t e 
concepts and data contained in these works provide an essential 
background for interpreting the formation of the various 
irradiation products obtained from methoxyphenyl phenyl ethers. 
Two basic generalisations are necessary to help 
understand the formation of the irradiation products already 
mentioned. The first is that "a free radical may react ln 
anyone of a number of different ways and that though a given 
mode may predominate, it does not do so to the exclusion of 
all other [possible modes] .,,125 
The second generalisation is that "in homolytic 
aromatic aryl at ions the energy relationships are so balanced 
that many possible reactions have a definite and observable 
probability dependent upon the properties of the radical 
species involved and of the solvent used.,,125 Therefore as 
a number of independent reactions have some probability of 
occurrence the final product is often complex and intractable. 
In the irradiation of the 2-methoxyphenyl phenyl ethers only 
the major products were identified so that many other possible 
products may have been formed but were not isolated, hence 
any interpretation and rationalisation of the results obtained 
must consider this possibility. 
The arguments concerning radical stability are based 
upon the modified resonance theory used by Rondesvedt and 
Blanchard126 to explain radical reactions. This approach is 
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not necessarily the best possible and Wheland's atomic 
127 localisation energy theory would perhaps be a better 
method. 125 ,128 
(ii) A possible mechanism for the rearrangement reactions of 
simple diaryl ethers 
The hydroxybiphenyls and cleavage products isolated 
from irradiation of simple diaryl ethers have been rationalised 
79 in the related theories of Bach and Barclay and of Ogata 
and co-workers. 80 
These workers assume an initial cleavage of the ether 
bond on irradiation which forms a phenyl and phenoxy radical 
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specles held together in a solvent cage. These primary radicals 
can either revert to starting ether or form secondary radical 
pairs which can then reorientate within the solvent cage to 
form quinoid intermediates, such as (168) and (169) (in the 
case of diphenyl ether) which undergo prototropic shifts to 
form the isolated aromatic hydroxybiphenyls. Stabilisation 
of the quinoid forms possibly involves hydrogen bonding of the 
80 
alcoholic solvents to the carbonyl atom. Escape or diffusion 
of radicals from the solvent cage is followed by proton 
abstraction from the solvent yielding phenolic and benzene 
derivatives. The irradiation of diphenyl ether (figure 13) 
illustrates this mechanism. 
Unfortunately this mechanism fails to explain the 
specific mode of ether cleavage observed with the unsymmetrical 
methoxyphenyl phenyl ethers and, more importantly, why some 
polyfunctional 2-methoxyphenyl phenyl ethers underwent a 
photocyclisation process while other similar ethers underwent 
rearrangement or cleavage reactions. 
(168 ) 
1 
hv 
rearrangement 
H 
(169 ) 
1 
solvent 
cage 
@ 
OH 
figure 13 
(iii) An alternative interpretation of the products formed 
by irradiation of both simple and polyfunctional methoxyphenyl 
phenyl ethers 
(a) An understanding of the experimental results can be 
arrived at if the following assumptions are made: 
(1) Irradiation of the ethers results in the initial formation 
of an uncleaved diradical species which can then undergo 
different modes of reaction which lead to biphenyl formation, 
cleavage products or dibenzofuran formation via ring closure. 
(2) The pathway followed will be that which gives the greater 
stability to the intermediate radicals involved and although 
this mode may predominate it need not be exclusive. 
(3) The direction of cleavage in unsymmetrical ethers to 
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give hydroxybiphenyls 1S determined by which of the two possible 
routes produces the more stable radical intermediates. 
(4) It lS not necessarily correct to derive partial rate 
factors nor the susceptibility of positions to attack by 
d t 1 · 129,130 pro uc ana YSlS. 
(b) The proposed mechanism 
In the formation of carbazole from diphenylamine, 
the zwitterions tl70) and tl7l) are postulated intermed-
. t 80,131 la es . 
(170) (171 ) 
By analogy, it seems possible that a similar inter -
mediate could form on irradiation of a diaryl ether. Ogata 
80 
and co-workers have argued against the presence of a 
zwitterion species such as (172) during the irradiation of 
diaryl ethers, so the most probable structure of the initial 
intermediate in this irradiation lS the uncharged delocalised 
diradical species (l73) . 
+ 
A A 
(172) (173) 
The postulated mechanism is shown in figure 14 for 
the general case of a diaryl ether (174) which has at least 
one unsubstituted position ortho to the ether linkage. 
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R R ©r ©J: A HO 
B 
/ (181 ) (182) 
R 
OH 
(185) Y 
I 
sg.O-R • I (176) - RR 
A 
(179) 
• 
l, 
R 
hv ) A I I B 
R 
B 
(178) 
A 
(174) (175) i I R or R =H / 
I l R B 
'©B 
(180) B 
~ (177 ) 
I I I R R OH R 
(187) (188) JgR OH 
A R A R 
OH (183) (184 ) 
figure 14 
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(c) Photocyclisation and dibenzofuran formation 
It is possible for the intermediate diradical (175) 
to undergo an intramolecular radical attack on the second 
phenyl ring to form the 9a , 9b disubstituted dibenzofuranoid 
diradicals (176) or (177). Loss of the 9a , 9b substituents 
(possibly in a concerted manner) results in formation of the 
dibenzofuran (178) on relocation of electrons. 
(d) Biphenyl formation 
Alternatively the initial diradical species (175) 
could undergo a cleavage of the C-O ether bond to form the 
solvent caged radical systems (179) or (180). Escape from 
the solvent cage would result ln formation of the mononuclear 
intermediates (181) and (182) or (183) and (184) while 
recombination of (179) or (180) via an arylation reaction 
would lead to the formation of the ~and p- hydroxybiphenyls 
( 18 5 ) and ( 18 6 ) or ( 18 7) and ( 18 8) . 
(e) The factors which favour dibenzofuran (i.e. photocyclisation) 
formation 
The polyfunctional 2-methoxyphenyl phenyl ethers . ln 
which photocyclisation was the major reaction pathway on 
irradiation, possess two common features: (1) The presence 
of artha and para methoxy groups in one of the phenyl rings 
of the ether. Such a sUbstitution pattern would favour 
contribution by the canonical form (189) of the initial di-
radical formed by virtue of the enhanced delocalisation made 
possible by participation of the substituents. The alternative 
contributing form (190) lacks such stabilisation and would 
therefore be of a higher energy content. 
R 
(189) 
I 
R 
I 
R 
3 
~-R 
(190) 
(2) The presence of a methoxy group in the second phenyl rlng 
meta to the ether linkage which would enhance an intramolecular 
attack on this phenyl ring by stabilisation of the so-formed 
radical species (191) and (192). 
• 
1 
R = CH 3 ,CH 2 0COR 
2 
R = CH 3 , H 
3 4 R = R=CH 3 
(191 ) 
1 
...., 2 
, • ) CHRCO 
'"- 1 , 
C0 2R H C 11 5 
R=CH 3 
1 
R=H ,CH 3 
(192) 
The subsequent loss of the elements of methanol 
from such intermediates would ensure that the cyclisation 
process was irreversible, and electron redistribution then 
gives the stable dibenzofurans (193) and (194). 
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5 (191 ) OR ) 
(193 ) 
OR OR 
R ) 
(194 ) 
(f) Physodone trirnethyl ether (77) and physodone triethyl 
ether (86) 
5 
OR 
R 
The failure of the trirnethyl (77) and triethyl (86) 
ethers of physodone to undergo ring closure and elimination 
of methanol indicated that the presence of the factors stated 
above were not alone sufficient to ensure dibenzofuran 
formation. The results obtained from the physodone ethers 
can be rationalised if the presence of the benzopyrone 
chromophore (Amax 325) is assumed to result in the formation 
of an excited species which is not energetically capable of 
undergoing a ring formation process . A non-photochemical loss 
of energy may occur (e.g. fluorescence, phosphorescence or a 
radiationless process) from this excited species to regenerate 
the initial ether (which would explain the high recovery of 
the ethers (77) and (86) from these irradiations). However 
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cleavage of the initial diradical speCles must still be an 
allowed pathway and results in the mononuclear products 
isolated. A possible mechanistic sequence summarising these 
possibilities is shown in figure 15. Hence it is apparent 
that the presence of chromophores may inhibit the photo-
cylisation process and would prevent the direct formation 
of some classes of dibenzofurans by the irradiation of 
2-methoxyphenyl phenyl ethers. 
OR (77) R = CH 3 
RO RO 
etc.~ • OR t-( --t) OR 
1 1 
RO 
CSH11 
(90 ) R=CH 3 (88) R- CH - 3 (89) R = C2 H S 
figure 15 
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etc. 
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(g) The irradiation of simple methoxyphenyl phenyl ethers 
The simple methoxyphenyl phenyl ethers failed to 
meet the requirements necessary for photocyclisation to occur, 
but underwent alternative photorearrangements and cleavages. 
These rearrangements may be conveniently divided into (1) ortho 
rearrangements (2) para rearrangements and (3) displacement 
reactions. 
(1) Grtho rearrangements 
The products isolated from the irradiation of 
2-methoxy and 3-methoxyphenyl 4-methylphenyl ethers, (94) and 
(93) respectively, and also of 2-methoxy-6-methylphenyl 
4-methylphenyl ether (96) are regarded as being formed by 
ortho rearrangements. The formation of such products requires 
radical recombination ortho to the carbonyl group of the caged 
systems (179) or (180) of figure 14. Thus the major contribu-
ting forms of the diradicals formed on irradiation of (93), 
(94) and (96) must be represented by (195), (196) and (197). 
(93) hv ) I ~ R 
OCH 3 
ma Jor contributor 
OCH3 
minor contributor 
(94) 
and 
(96) 
I 
R=CH 3 
hv ) 
(195 ) 
R 
CH30 
ma j or contributor 
(196) R =H 
(197) R = CH 3 
(198 ) 
R 
minor contributor 
(199) R = H 
(200) R= CH 3 
Cleavage of the forms (198), (199) and (200) by 
mode B would ultimately result in para rearrangements and 
products formed by this mode were not isolated. 
That the form (195) should have greater stability 
than (198) is obvious. Cleavage of the carbon oxygen bond by 
mode A would then lead to the hydroxybiphenyl (102) rather 
than (103). 
Why the forms (196) and (197) should be favoured 
over (199) and (200) is not immediately obvious, but it may 
be that while (196) and (197) result in the formation of 
stable products, (199) and (200) undergo reactions to form 
photolabile products or several by-products. 
(2) Para rearrangements 
The formation of 4-hydroxy-3,3'-dimethoxybiphenyl 
(116) on irradiation of 2-methoxyphenyl 4-methoxyphenyl ether 
(97) can best be explained if irradiation of (97) leads to 
a diradical species the predominant contributing structure of 
which is (201) rather than (202). a-Bond cleavage of (201) 
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would produce the radicals (203) and (204) and para recombination 
of these would lead to the biphenyl (116) isolated. The artha 
rearrangement product (205) was not isolated from this irradia-
tion. 
(3) Displacement reactions 
Irradiation of 4-methoxyphenyl 4-methylphenyl ether 
(92) produced 2-hydroxy-5-methoxy-4'-methylbiphenyl (99) via 
an artha rearrangement, and unidentified biphenyl and 4-hydroxy-
4-methylbiphenyl (98). These results are best explained by a 
cleavage of the diradical species (206) which produced the 
mononuclear radicals (207) and (208). Recombination of these 
radicals artha to the carbonyl group would give rise to the 
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2-hydroxy-5-methoxy-4'-methylbiphenyl (99) while a para 
coupling would give 4-methoxy-4-tolylcyclohex-2,5-diene-l-one 
(209) . 
(97) hv ( ) ) 
CH 30 CH 30 
(201 ) (202) 
1 
©J 
HO OCH 3 
? ) 
CH'30 
(205 ) 
(203) (204) 
CH30 
OH 
(116 ) 
Subsequent proton abstraction and loss of the methoxy group 
would produce the fully aromatic species (98) isolated 
(figure 16). Related photoeliminations of methoxy substituents 
. 28 93 have been reported prevlously. ' 
72 
hv ) R 
(92) R=CH (206 } 
3 
1 
R 
ortho 
( rearrangementR <c=». 
(207) (208) OR 
1 (99) para rearrangement R 
(209 ) 
(9 8 ) 
figure 16 
The alternative initial diradical (210) would undergo 
a cleavage process which would ultimately give 2-hydroxy- 4'-
methoxy-S-methylbiphenyl (211). However a comparison of the 
unknown biphenyl (after methylation) with authentic 2,4' -
dimethoxy-S -methylbiphenyl (101) showed t hat these biphenyls 
were not identical. 
OH 
R OR 
(210) (211) 
Possibly the unknown biphenyl has structure (212) 
and was formed via a meta rearrangement of (210). Such meta 
132 133 arylations have been reported elsewhere. ' 
R 
OR 
HO 
(21 2 ) R- CH - 3 
Formation of 4-hydroxy-3-methoxy-4'-methylbiphenyl 
(107) from the irradiation of 2,4-dimethoxyphenyl 4-methyl-
phenyl ether (95) presumably arose by way of a similar 
displacement process to that described above (figure 17) . 
(107 ) 
hv ) RO 
OR OR 
(95) 
- RO-
< 
+H 
R 
OR 
figure 17 
R 
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(h) Dibenzofuran formation on irradiation of the simply 
sUbstituted methoxyphenyl phenyl ethers 
The small amount of ring closure observed on irradia-
tion of the simply substituted methoxyphenyl phenyl ethers 
can be best explained by the failure of the substituents to 
activate the second aromatic nucleus to intramolecular 
radical substitution. 
(iv) The irradiation of 2,5-dimethoxy-3-propylphenyl 4-carbo-
ethoxy-3-methoxy-5-pentyl phenyl ether (122) and the related 
ethers (123) and (124) 
A comparison of these polyfunctional 2-methoxyphenyl 
phenyl ethers (namely 2,5-dimethoxy-3-propylphenyl 4-carboethoxy-
3-methoxy-5-pentylphenyl ether (122), 2,5-dimethoxy-3-propyl-
phenyl 3-hydroxy-5-pentylphenyl ether (123) and 2,5-dimethoxy-
3-propylphenyl 3-methoxy-5-pentylphenyl ether (124)) with those 
discussed previously shows that the former compounds lack the 
2,4-dimethoxy grouping in at least one of the phenyl rings. 
Therefore they fail to satisfy the requirements necessary for 
photocyclisation to occur. In the case of 2,5-dimethoxy-
3-propylphenyl 4-carboethoxy-3-methoxy-5 -pentylphenyl ether 
(122) irradiation would be expected to produce a diradical 
species, the major contributing form of which would be (213) 
rather than (214) (it is the latter form which is necessary 
for dibenzofuran formation) . 
(213 ) 
___ --,.c 5 H11 0 
:/ 
-c 
O R 
(214) 
Subsequent cleavage of the 0 carbon oxygen bond would 
glve the radicals (215) and (216), which then recombine to 
form the biphenyl isolated . 
• 
(215 ) 
R=CH 3 
(216 ) 
As the steric hindrance encountered for radical 
recombination at position 6 of (216) would be greater than 
that encountered at position 2132 the biphenyl ethyl 
6-hydroxy-2,2',SLtrimethoxy-4-pentyl-3'-propylbiphenyl -3-
carboxylate (164) would most probably be formed. 
CsH11 
RO RO COOC2HS 
(164 ) 
In the ethers (123) and (124) the modes for stabil-
ising an intermediate diradical species are rather limited. 
This may result in there being no favoured pathway, and 
results in the production of a complex mixture of intractable 
products. 
(v) Conclusion 
An understanding and reconciliation of the two 
apparently disparate reactions observed on the irradiation of 
methoxyphenyl phenyl ethers has been possible by the anal y sis 
of the structure of the initially formed diradical s pecies 
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which has a choice of reaction pathways to follow. The 
structural features of these ethers which are necessary for 
dibenzofuran synthesis have been elucidated and failure to 
incorporate these substituents into the molecule resulted in 
cleavage and rearrangement reactions predominating. 
The failure to obtain didyrnic acid and related 
dibenzofurans by the irradiation of appropriately substituted 
2-methoxyphenyl phenyl ethers has been explained. In retro -
spect this failure could have been predicted since the ethers 
in question do not meet the requirements necessary for photo -
cyclisation to predominate. 
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CHAPTER 7 
Experimental Section 
General 
Infrared spectra were determined on a Unicam SP200G 
spectrometer and ultraviolet spectra were recorded in 90% 
ethanol solution on a Unicam SP800 spectrometer. P.m.r. 
spectra were recorded at 60MHz on a Perkin-Elmer RIO 
spectrometer or at 100MHz on a Varian HAIOO or JEOL JNM-MH-IOO 
instruments. Spectra were recorded in deuteriochloroform 
unless otherwise specified, and chemical shifts were measured 
on the a-scale relative to tetramethylsilane as an internal 
standard. Mass spectra were recorded on either AEI MS902 or 
Varian MAT CH7 instruments at 70eV by the direct insertion 
technique. High resolution mass spectra were recorded on the 
AEI MS902 spectrometer. Melting points are corrected. Light 
petroleum refers to the fraction of boiling range 40° to 60°. 
Bands on silica gel (Merck HF254+366) plates (100x20 cm, 
O.lcm thick) were detected by exposure to short wavelength 
ultraviolet light. Merck 0.05-0.2mm silica gel was used for 
column chromatography separations. Microanalyses were per-
formed by the Australian National University Microanalytical 
Service under the direction of Dr. J.E. Fildes and Miss B. 
Stevenson. 
All irradiations were carried out in a water cooled 
immersion type photochemical reactor. The ultraviolet lamps 
used were an American Hanovia 450W high pressure mercury arc 
lamp and an English Hanovia 500W medium pressure mercury arc 
lamp, both inserted in a water cooled quartz probe. The 
solution was flushed with dry, oxygen free nitrogen for 30 min 
before commencing irradiation, whereupon the solution was 
stirred by means of a gas-lift circulator. 
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The simple methoxyphenyl phenyl ethers were prepared 
134 by the method of Bacon and Stewart, except 4-methoxyphenyl 
4-methylphenyl ether (92) which was prepared by the modified 
Ullmann reaction of Tomita and co-workers. 92 
The hydroxybiphenyls isolated from the irradiation 
of the simply substituted methoxyphenyl phenyl ethers were 
methylated by refluxing with an excess of dimethyl sulphate 
and anhydrous potassium carbonate in acetone (50 ml) for 10 
to 24 hr under dry nitrogen. The residue obtained on 
distillation of the solvent was adsorbed on silica gel plates 
and eluted with 20% ether-light petroleum. 
Authentic biphenyls were prepared by the Ullmann 
coupling of the appropriate iodo (or bromo) benzenes mixed 
with an excess of copper bronze and heated at 240-270° for 
between 2 and 24 hr. The residues obtained were then either 
stirred in chloroform for 12 hr or extracted with chloroform 
in a Soxhlet extractor for a similar period of time. 
Evaporation of the chloroform left a residue which was adsorbed 
on silica gel plates and eluted with ether-light petroleum 
mixtures. In the case of the biphenyl mixture obtained from 
the Ullmann condensation of 2-iodo-3-methoxytoluene and 
3-iodo-4-methoxytoluene separation was achieved by gas 
chromatography on a Hewlett Packard 5750 Research Chromatograph 
with an aluminium column (12 ft.) packed with SE52 on a 60-100 
mesh embacel support. The column was operated at an oven 
temperature of 190-195°. 
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Desoxyhyposalazinol trimethyl ether (68) 
Hypoprotocetraric acid87 (1.2 g), obtained from the 
thallus of Parmelia hypoprotocetrarica by continuous ether 
extraction, was refluxed in 10% potassium hydroxide solution 
(15 ml) for 25 min under dry nitrogen. The solution was 
acidified (dilute hydrochloric acid) and refluxed for a 
further 5 min, cooled and extracted with ether which was 
then dried (MgS0 4 ) and concentrated to a residue (1.38g) which 
was stirred with methyl iodide (1.5 ml), and anhydrous 
potassium carbonate (7.0 g) in dimethylformamide (50 ml) for 
24 hr at room temperature. The solution was then poured 
into 0.5 N potassium hydroxide solution and extracted with 
ether. The ethereal extract was dried (MgS0 4 ) and the solvent 
distilled. The residue was adsorbed on two silica gel plates 
and eluted with 15% ether-light petroleum. A major band 
developed which contained desoxyhyposalazinol trimethyl ether 
( 68 ) ( 0 . 7 9 g, 71. 8 % ) a s a colour 1 e s s 0 i 1 ( 1 it . 88 m. p . 9 6 0 ) 
which had b.p. 110 0 (bath)/l.O rom (Found: C, 71.59; H, 7.68. 
C19H2404 requires C, 7~.12; H, 7.65%). A 
max 
274.5(E: 3500) 
and 280 nm(37 00); p . m . r. <5 2. 14 ( 9 H, s , Ar -C H 3)' 2. 2 9 ( 3 H , 
s, Ar-CH3 ), 3.73 (3H, s, OCH3 ) , 3.80 (6H, s, OCH3 ) , 5.93, 6.38 
+ 
and 6.54 (each IH, s, Ar-H); mass spectrum mle 316(M, 100%), 
317(23),298(5),282(7),276(9),268(6),180(13),179(7), 
167 (11), 166 (21), 165 (7), 158 (6),153 (10), 151 (7), 150 (10) , 
149(55),148(8),144(9),122(6),120(6),119(10),118(12), 
106 (5), 104 (17), 92 (6), 91 (26), 79 (13), 78 (5), 77 (13), 71 (6) , 
68(6),66(6),58(10). 
Irradiation of desoxyhyposalazinol trimethyl ether (68) 
A solution of the ether (1.18g) ln 90% ethanol 
solution was irradiated with the American Hanovia lamp for 
14.5 hr. The solvent was evaporated and the residue adsorbed 
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on two silica gel plates and eluted with 15% ether-light 
petroleum. Two major bands developed. The first contained 
unreacted starting ether (0.43 g) and the second gave the 
2,7-dimethoxy-l,4,6,9-tetramethyldibenzofuran (79) (0.24 g, 
35.8%) as white crystals, m.p. 126-127° (Found: C, 76.11; H, 
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7.21. C18H2003 requires C, 76.03; H, 7.09%). A 220(E: 27200), max 
237 (30500), 261 (10400), 270 (13400), 269.5 (19900), 314 (6500) 
and 327 nm(4l00); p.m.r. 8 2.38, 2.51, 2.67 and 2.81 (each 
3H, s, Ar-CH3 ), 3.83 and 3.86 (each 3H, s, OCH3 ), 6.57 and 
6.76 (each IH, s, ArH); mass spectrum mle 284(M+, 100%), 
286(5),285(24),283(6),270(12),269(53),265(7),253(6), 
252 (6), 242 (12), 241 (7), 235 (9), 228 (6), 227 (10), 226 (12) , 
225(8), 211(9) and metastable peaks at 255.5 and 216. 
2,4-Dimethoxy-6-methylphenyl 3-methoxy-2,5-dimethylphenyl 
ether (70) 
The thallus (100 g) of Parmelia notata was continuously 
extracted with acetone for 24 hr. Removal of the solvent left 
a residue which was washed with hot benzene to remove usnic 
acid to give a 1:1 mixture (4 g) of notatic acid and 4-0-
methylhypoprotocetraric acid. A fraction (1.0 g) of the residue 
was then refluxed in a 10% sodium hydroxide solution (10 ml) 
for 30 min under dry nitrogen. The solution was acidified 
with dilute hydrochloric acid and refluxed for an additional 
30 min. The cooled solution was extracted with ether, dried 
(MgS04 ) and concentrated to a residue (0.99 g) which was 
stirred for 12 hr at room temperature with methyl iodide 
(1.05 ml) and anhydrous potassium carbonate (5.4 g) in dimethyl-
formamide (40 ml). The solution was poured into water and 
thoroughly extracted with ether. The ether was dried (MgS0 4 ) 
and concentrated to a residue which was adsorbed on two silica 
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gel plates and eluted with 15% ether-light petroleum. Two 
major bands developed. The first gave desoxyhyposalazinol 
trirnethyl ether (68) (0.29 g) identical with the ether 
previously prepared while the second band yielded 2,4-dimethoxy-
6-methylphenyl 3-methoxy-2,5-dimethylphenyl ether (70) (0.23 g, 
50%), as a white crystalline solid, m.p. 87-88° (Found: C, 
71.55; H, 7.40. C18H2204 requires C, 71.50; H, 7.33%). A 
max 
280 nrn(s 3100); p.m.r. 02.13,2.17 and 2.30 (each 3H, s, 
Ar-CH3 ), 3.68, 3.76 and 3.78 (each 3H, s, OCH3 ) , 5.97 and 
6.38 (each IH, s, ArH) , 6.45 (2H, bs, ArH); mass spectrum 
ml e 3 02 (M +, l 0 0 % 1, 3 03 (2 0), 2 9 7 (6), 2 6 2 (5), 2 61 (9), 2 5 6 (9) , 
153(7),152(55),151(13),150(10),149(30), 139(17),135(6), 
124(6) 123(6),122(5),121(5),120(7),119(21),109(6),105(11), 
93 (5), 92 (6), 91 (23), 79 (10), 77 (12), 66 (8), 65 (10), 53 (6) 
and metastable peaks at 273, 270, 244, 211.5, 76 and 74. 
Irradiation of 2,4-dirnethoxy-6-methylphenyl 3-methoxy-2,5-
dirnethylphenyl ether (70) 
A solution of the ether (1.0 g) in a 90% ethanol 
solution (200 m1) was irradiated with the English Hanovia 
lamp for 10 hr. The solvent was then evaporated and the 
residue adsorbed on two silica gel plates and eluted with 
10% ether-light petroleum. Two major bands developed, the 
first contained unreacted starting ether (0.57 g) and the 
second band gave the 3,8-dirnethoxy-l,4,6-trirnethy1dibenzofuran 
(80) (0.14 g, 35.4%) as colourless crystals, m.p. 127.5-128.5° 
(Found: mol. wt. 270.1258. C17H1803 requires mol. wt, 
270.1256) . A 228 (s 26200), 235 (25700), 255 (9900) , 
max 
264 (l3300), 294.5 (16050), 305.5 sh(9600) and 320.5 nrn(8800) ; 
p.m.r. 0 2.38, 2.52 and 2.66 (each 3H, s, Ar - CH3 ), 3.88 
(6H, s, OCH3 ) , 6.64, 6.80 and 7.24 (each IH, s, ArH); mass 
+ spectrum mle 270 (M , 100%), 271 (30), 257 (66), 256 (13) , 
240(5),227(9),212(7), 21l(6), 135(lO), ll5(6), 43(7) and 
metastable peaks at 241, 226, 203.5, 204.5 and 198. 
Norstictic acid (7l) 
Finely divided Parmelia substrigosa Hale (lOO g) 
was soaked in acetone (2 1) for 48 hr. The filtered solution 
was concentrated to a residual solid which was recrystallised 
from benzene. Norstictic acid (71) (0.9 g, 0.9%) was isolated 
as off-white crystals, m.p. 280° (lit. 88 283°) 
Hyposalazinolide (72) 
This compound was prepared in quantitative yield 
from norstictic acid (1.0 g) by the method of Asahina and 
Asano,88 m.p. 295° (lit. 88 300°). 
2-Hydroxymethyl-4,6-dimethoxy-5-methylphenyl-3-carboxylic acid 
lactone 3-methoxy-2,5-dimethylphenyl ether (73) 
A solution of hyposalazinolide (13.6 g) ln 10% 
sodium hydroxide solution (200 ml) was refluxed for 30 min 
under dry nitrogen and then acidified with dilute hydrochloric 
acid. The cooled solution was extracted with ether, the ether 
solution then dried (MgS0 4 ) and concentrated to a residue which 
was refluxed with copper powder (2.5 g) in quinoline (200 ml) 
for 45 min. The cooled solution was poured into dilute 
hydrochloric acid and extracted with ether. The residue 
obtained after drying (MgS04 ) and evaporation of the solvent 
was stirred at room temperature with methyl iodide (13.05 ml) 
and anhydrous potassium carbonate (35 g) in dimethylformamide 
(50 ml). After 44 hr the solution was poured into dilute 
hydrochloric acid and extracted with ether. After drying 
(MgS04 ) and removal of the solvent the residue was adsorbed 
on two silica gel plates and eluted with 10% ether-light 
petroleum. A major band of low Rf value developed which 
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contained 2-hydroxymethyl-4,6-dirnethoxy-5-methylphenyl-3-
carboxylic acid lactone 3-methoxy-2,5-dirnethylphenyl ether (73) 
(0.315 g, 2.2%) as a colourless oil which crystallised on 
standing, m.p. 109-110° (Found: mol. wt, 358.1420. C20H2206 
requlres mol. wt, 358.1416). -1 v (CHC1 3 ) 1756 cm (C=O); max 
A 252 shes 14500), 279 sh(3400) and 299 nm(3200); p.rn.r. 
max 
8 2.20, 2.22 and 2.25 (each 3H, s, Ar-CH3 ), 3.84, 3.92 and 
4.06 (each 3H, s, OCH3 ) , 4.99 (2H, s, ArCH 20-), 6.03 and 6.43 
+ (each lH, s, ArH); mass spectrum mle 358(M ,100%), 359(12), 
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344 (7), 343 (16), 207 (8), 195 (5), 164 (10), 151 (6), 150 (11), 
149(54),136(16),135(13),121(7),120(7), 119(12), 105(11), 
92(5),91(24),81(8),79(15),71(7),69(7),67(5), 65(8), 63(12), 
60(10), 51(6), 44(10),42(10) and metastable peaks at 314,295, 
263, 255, 229, 149, 135, 95 and 62. 
If the decarboxylation process omitted the copper-
quinoline procedure the isolated yield of (73) was less than 
0.5%. 
Irradiation of 2-hydroxymethyl-4,6-dimethoxy-5-methylphenyl-
3-carboxylic acid lactone 3-methoxy-2,5-dimethylphenyl ether 
(73) 
A solution of the ether (0.32 g) ln 90% ethanol 
(200 ml) was irradiated with the American Hanovia lamp for 
13 hr. The solvent was then evaporated and the residue 
adsorbed on a silica gel plate and eluted with 40% ether-light 
petroleum. Two major bands developed. The first was identified 
as unreacted starting ether (0.095 g), while the second band 
yielded 2,7-dimethoxy-4-hydroxymethyl - l,6,9-trimethyldibenzo-
furan-3-carboxylic acid lactone (81) (23 mg, 7.9% which was 
recrystallised from cyclohexane as yellow needles, m.p. 241.5 -
243.5° (Found: mol. wt, 326.1162. C19H1805 requires mol. 
wt, 326.1154). v
max 
(CHC1 3 ) ~ 760 cm- l (C=O); Amax 229 (s 222001- , 
241 (19800), 248.5 (18800), 274.5 (3600), 287sh (5600), 319 (20700) 
and 328nm(20300); p.m.r. 02.30, 2.79 and 2.90 (each 3H, s, 
Ar-CH3 ), 3.88 and 3.90 (each 3H, s, OCH3 ) , 5.57 (2H, s, 
+ ArCH 20), 6.93 (lH, s, ArH); mass spectrum mle 326(M ,100%), 
327 (23), 325 (7), 312 (18), 311 (29), 308 (8), 299 (6), 298 (19), 
297(7),296(5),280(23),268(5),267(7),266(6),254(5), 
253 (10), 252 (25), 250 (5), 239 (8), 238 (6), 237 (7), 211 (5), 
195 (6), 181 (8), 176 (5), 165 (11), 163 (8), 154 (7), 153 (9), 
141(7), 115(6) and metastable peaks at 297, 292, 268, 255, 
241, 227, 223, 210 and 195. 
Physodic acid (74) 
The thallus (110 g) of Hypogymnia billardieri (Mont.) 
Filson was continuously extracted with acetone for 24 hr. 
The residue left on evaporation of the solvent was dissolved 
in refluxing ether and stood at 0° for 12 hr. Atranorin 
(0.6 g, 0.55%), m.p. 190-193° (lit. 135 196-197°) was filtered 
off and the ether evaporated to give physodic acid (74) (~5 g, 
8.6%) as a white solid, m.p. 202° (lit. 90 205°). 
Physodone trimethyl ether (77) 
(a) A solution of physodic acid (7.0 g) in 7% 
sodium hydroxide (100 ml) was refluxed under dry nitrogen for 
20 min, acidified (dilute hydrochloric acid) and refluxed for 
a further 10 min. The cooled solution was extracted with 
ether and the ether extract dried (MgS0 4 ) and concentrated 
to an oil (7.5 g) which was stirred at room temperature for 
48 hr with methyl iodide (3.6 ml) and anhydrous potassium 
carbonate (12 g) in dimethylformamide (110 ml). This solution 
was diluted with water and extracted with ether. Drying 
(MgS0 4 ) and distillation of the solvent left an oil (9.5 g) 
which was adsorbed on a silica gel column (5 x 60 cm) and 
eluted with 40% ether - light petroleum. Two major fractions 
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were isolated, the first of which yielded physodone trimethyl 
ether (77) (0.7 g, 10%) as a viscous yellow oil b.p. 154 0 
(bath)/0.2 mrn (Found: mol. wt, 468.2512. C28H3606 requires 
mol. wt, 4 68 . 2 511) . -1 v (film) 1715 em (C=O)i 
max 
A 279 
max 
( € 9 0 0 0 ) and 3 2 5 run ( 6 3 0 0) i p . m . r. 0 O. 8 6 ( 3 H , t, J 6 Hz, 
-(CH 2 )4CH3), 0.92 (3H, t, J 6Hz, -(CH 2 )4 CH3), 1.08-1.90 (12H, 
m, -CH 2 (CH 2 ) 3CH3) , 2.48 (4H, bt, J 7Hz, -CH 2C4H9 ), 3.70, 3.72 
and 3.80 (each 3H, s, OCH3 ) , 6.01 and 6.32 (each IH, 2d, J 2Hz, 
ArH) , 6.10 (lH, s, HC=C ), 6.39 (2H, s, ArH)i mass spectrum 
+ ml e 468 (M , 100 %), 470 (7), 469 (33), 429 (7), 428 (26), 425 (7) , 
413 (6), 412 (7),315 (8), 313 (7), 299 (7), 262 (10), 234 (10) , 
208(6),207(33),206(100),191(20),177(18), 175(6), 174(13), 
173 (5), 154 (7), 153 (10), 152 (22), 151 (55), 138 (9), 137 (6) , 
121 (10), 99 (15), 91 (8), 87 (7), 71 (18), 69 (8), 55 (11), 43 (42) , 
41(21) and metastable peaks at 206, 176, 110 and 91. 
The second fraction was identified as 2,4-dimethoxy -
85 
6-pentylphenyl 2-carbomethoxy-5-methoxy-3-(1-methyl-2-oxoheptyl) 
phenyl ether (78) (1.3 g, 17%) as a yellow oil (Found: mol. 
wt, 514.2930. C30H4207 requires mol. wt, 514.2930). vmax 
(film) 3410 (OH) and 1720 cm-1 (C=O), A 280 run(€ 4500) i 
max 
p.m.r. 0 0.85 (6H, bt, J 6H3 , -(CH2)4CH3)' 1.13-1.67 (15H, m, 
CH3 -CH and -CH2(CH2)3CH3)' 2.41 and 2.47 (each 2H, overlapping 
t, J 7Hz, -CH 2C4 H9 ), 3.62, 3.71 3.79 and 3.91 (each 3H 
superimposed on a IH multiplet, s, OCH3 , -C 0 2CH 3 and CH3-CH), 
5.90 and 6.24 (each IH, 2d, J 2Hz, ArH), 6.34 and 6.39 (each 
IH, 2d, J 3Hz, Ar~)i mass spectrum mle 514 (M+ , 31.5%), 515(11), 
456 (7), 443 (6), 442 (20), 417 (5), 416 (19), 388 (5), 385 (5), 
384 (6), 358 (19), 330 (5), 316 (5), 214 (12) , 213 (6), 302 (6) , 
280 (10), 279 (56), 261 (5), 255 (7), 241 (6), 235 (5), 219 (7) , 
195(7),189(6),181(7),180(5),175(10),173(5) ,167(43), 
165(5),161(7.5),159(8),152(7),151(7), 150(12), 149(100), 
147 (6), 145 (5), 139 (5), l35 (7), 133 (8), 13l (5), 129 (8), 128 (5), 
123(8),122(7),121(30),120(6),119(11),115(6),113(23), 
112(9),111(6),109(12),107(13),105(14),99(5),98(5), 
97(9),96(5),95(12),93(14),91(17),86(7),85(7),84(14), 
81(15),79(12),77(10),74(6),71(25),70(11), 69(17), 67(13), 
65(5),59(6),57(33),56(7),55(29),53(5),43(27),41(25) 
and metastable peaks at 482, 255 and 100. 
A second reaction of the physodic acid (10 g) which 
had an 11 hr period of methylation formed physodone trimethyl 
ether in 18.1% yield and less than 1% of the c-methylated 
product (78) was isolated. 
(b) Physodone trimethyl ether was also prepared 
from physodic acid by a modification of the method of Asahina 
d . 90 an Nogaml. 
Physodic acid (3.0 g) was stirred under reflux for 
3 hr in a solution of 98-100% formic acid (45 ml) containing 
a small amount of water (1-2 ml). The cooled solution was 
then carefully neutralised with sodium bicarbonate solution 
and extracted with ether. The ether extract was dried (MgS04 ) 
and the solvent distilled to leave crude physodone (2.6 g) as 
a brown glass which was then refluxed in a solution of dimethyl 
sulphate (2.54 g), anhydrous potassium carbonate (4.14 g) and 
dry acetone (100 ml) for 16 hr. The solution was filtered 
and the inorganic residue washed with acetone. The combined 
acetone fractions were then evaporated and the residue adsorbed 
on six silica gel plates and eluted with 30% ether-light 
petroleum. One major band developed, from which physodone 
trimethyl ether (77) (1.3 g, 43.5%) was isolated. 
Irradiation of physodone trimethyl ether (77) 
A solution of the ether (0.9 g) in 90% ethanol 
(200 ml) was irradiated with the American Hanovia lamp for 
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12 hr. The solvent was then evaporated and the residue adsorbed 
on two silica gel plates and eluted with 40% ether-light 
petroleum. Two major bands were isolated. The first gave 
unreacted physodone trimethyl ether (0.32 g) while the second 
contained an oil which was readsorbed on two silica gel plates 
and eluted with 20% ether-light petroleum. One major band 
developed and gave methyl 1,8-dimethoxy-3-(2-oxoheptyl)-6-
pentyldibenzofuran-4-carboxylate (82) (31.1 mg, 5.4%), isolated 
as a white crystalline solid, m.p. 84-86 0 (Found: mol. wt, 
468.2512. C28H3606 requires mol. wt, 468.2511). \) (CHCI 3 ) max 
1710 em-I (C=O)i A 219 (s 26900), 236 (19200), 258 (20800) , 
max 
267 sh(17800), 290(9700) and 327 nm(6700)i p.m.r. 80.92 
(6H, bt, -(CH 2 )4 CH3), 1.20-1.90 (12H, m, -CH2 (CH2 )3 CH3), 2.57 
(2H, t, J 7Hz, -COCH2C4H9 ), 2.92 (2H, t, J 8Hz, Ar-CH2C4H9 ), 
3.89, 3.96 and 4.06 (each 3H, s, OCH3 and -C02CH3 ), 4.16 (2H, 
s, -CH2COC 5H11 ), 6.55 (lH, s, ArH) , 6.83 and 7.39 (each IH, 
2d, J 2Hz, ArH)i mass spectrum mle 468 (M+, 100%), 470(8), 
469 (35), 454 (7), 437 (20), 436 (42), 429 (5), 428 (6), 412 (5) , 
402 (12), 399 (16), 382 (5), 381 (17), 372 (17), 372 (19), 370 (75) , 
369 (36), 357 (8), 356 (6), 355 (8), 354 (13), 339 (8), 338 (13), 
316 (5), 315 (10), 314 (32), 313 (8), 312 (6), 311 (14), 299 (12), 
298 (20), 297 (32), 283 (11), 269 (6), 267 (6), 255 (10), 254 (6) , 
167(7),153(7),152(11),151(14),149(6),99(13), 91(5), 71(17) , 
69 (7), 57 (6), 55 (9), 43 (44), 41 (13), and metastable peaks at 
436, 406, 369, 330, 293, 283, 267 and 240. 
Irradiation of highly purified physodone trimethyl ether (77) 
A solution of the ether (1.0 g) (prepared via the 
modified procedure of Shibata and NOgami 90 ) was irradiated 
with the American Hanovia lamp for 8 hr. The solvent was 
distilled and the residue adsorbed on five silica gel plates 
and eluted with 20% ether-light petroleum. Four major bands 
developed. The band of highest Rf was rechromatographed on 
a silica gel plate with 20% ether-light petroleum as eluant. 
A major band developed and gave olivetonide monomethy1 ether 
(89) (10.7 mg, 3.18%) which was recrysta11ised from aqueous 
ethanol, m.p. 55.5-56.5 (lit. 90 57°). P.m.r. cS 0.92 (3H, m, 
- (C H 2 ) 4 C H 3)' 1. 3 7 ( 4 H , m , -C H 2 C H 2 (C H 2) 2 C H 3)' 1. 7 0 ( 2 H, m , 
-CH2CH 2C3H7 ), 2.49 (2H, t, J 8Hz, -CH2C4H9 ), 3.87 (3H, s, 
OCH3 ) , 6.19 (lH, s, HC=C ), 6.33 and 6.48 (each 1H, s, ArH) , 
11.15 (lH, s, OH). 
The second band was rechromatographed on a silica 
gel plate with 20% ether-light petroleum as eluant. A major 
band developed and 6-methoxy-3-penty1benzo[c]pyran-1-one (90) 
(15.9 mg, 5.0%) isolated as a yellow oil (Found: mol. wt, 
246.1256. C15H1803 requires mol. wt, 246.1256). \> (CC1 4 ) max 
-1 174 0 cm (C =0) ; Amax 247. 5 (€ 333000), 264 (6500), 274 (6000) , 
2 3 8 (4 2 0 0), 318 (2 4 0 0 ) and 3 2 9 s h nm (16 0 0); p . m . r. cS O. 9 2 ( 3 H , 
m, Ar-CH3 ), 1.28 (4H, m, -CH2CH2(CH2)2CH3) ' 1.72 (2H, m, -CH2 
CH2C3H7 ), 2.52 (2H, t, J 7Hz, -CH2C4H9), 3.90 (3H, s, OCH3 ) , 
6.23 (lH, s, HC=C), 6.78 (lH, d, J 3Hz, ArH) , 7.03 (lH, dd, 
88 
J 10, 2Hz, ArH) , 823 (lH, d, J 9Hz, ArH); mass spectrum mle 
246(M+, 71%),247(14),204(7),203(9),194(6),191(11) , 190(69) , 
175(13),151(20),149(20),148(100) , 147(8), 133(6),120(7), 
119(29),77(5),76(6),71(6),57(7),56(7),43(13),41(11) 
and metastable peaks at 190, 147 and 115. 
The third band was also rechromatographed on a silica 
gel (20 x 20 cm) plate with 50% benzene-light petroleum as 
eluant. Ethyl 1,8-dimethoxy-3-(2-oxoheptyl)-6-penty1dibenzo-
furan-4-carboxy1ate (91) (13.0 mg, 2.1%) was isolated as 
colourless crystals which were recrysta11ised from aqueous 
ethanol, m.p. 110-112° (Found: mol. wt, 482.26 §S . C29H3806 
-1 
requlres mol. wt, 482.26 b~ ). \> (CC1 4 ) 1728 and 1711 cm max 
(C=O) ; A 238 (£ 33700), 258 (40300), 265 sh(33900), 
max 
2 95 (1 7 9 0 0), 312 (13 8 0 0 ) and 3 27 nm (128 0 0); p . m . r. <5 O. 7 0 -1 . 10 
(6H, m, -(CH2)4CH3)' 1.10-1.20 (ISH, m, -CH2(CH2)3CH3 and 
-C0 2CH 2CH3 ), 2,60 (2H, t, J 7Hz, -COCH2C4H9 ), 2.95 (2H, t, 
J 7Hz, Ar-CH2C4H9 ), 3.92 and 4.08 (Each 3H, s, OCH3 ) , 4.20 
(2H, s, Ar-CH2CO) , 4.43 (2H, q, J 7Hz, -C0 2CH2CH3 ), 6.60 
(lH, s, ArH) , 6.87 and 7.43 (each IH, 2d, J 3Hz, ArH) ; 
mass spectrum mle 482(M+, 100%) , 484 (7), 483 (34) , 436(38), 
435 (18), 385 (19), 384 (74), 383 (18), 380 (10), 356 (12),355 (51), 
338 (8), 328 (16), 299 (10), 297 (9), 255 (6), 149 (10), 99 (10) , 
71(11), 55(6), 53(7), 43(27),41(7) and metastable peaks at 
395, 329, 306, 280, 251.5, 236, 220 and 51. 
Physodone trimethyl ether (0.4 g) was recovered from 
the remaining band. 
Irradiation of 2,4-dimethoxy-6-pentylphenyl 2-carbomethoxy-
5-methoxy-3-(I-methyl-2-oxoheptyl) phenyl ether (78) 
A solution of this ether (0.5 g) in 90% ethanol 
solution (200 ml) was irradiated with the American Hanovia 
lamp for 12 hr. The residue obtained on distillation of the 
solvent was chromatographed on a silica gel plate with 20% 
ether-light petroleum as eluant. One major fraction was 
isolated and rechromatographed on a silica gel (20 x 20 e m) 
plate with similar eluant. A major band was isolated which 
yielded methyl 1,8-dimethoxy-3-(1- methyl-2-oxoheptyl)-6 - pentyl -
dibenzofuran-4-carboxylate (84) (27.9 mg, 5.9%) as a yellow 
oil (Found: mol. wt, 482.2674. C29H3806 requlres mol. wt, 
-1 48 2 . 2 6 68). v (C HC 1 3 ) 1 710 em (C = 0) ; A 2 24 (1 62 0 0) , max max 
258 (16100), 267.5 sh(14600) , 288 (8100), 314 (6400) and 327 
nm(5700); p.m.r. <5 0.80-1.00 (6H, m, -(CH2)4CH3)' 1.14 - 2.00 
(ISH, m superimposed on a d, J 8H3 , -CH2(CH2)3CH3 and CH3 -C -H ) , 
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2.28 (2H, t, J 7H3 , -COCH2C4H9), 3.02 (2H, t, J 8H3 , -CH2C4H9)' 
3.98,4.12 and 4.14 (each 3H, s, OCH3 and -C0 2CH3 ), 4.84 (lH, 
q, J 8H3 , CH3-C-H), 6.64 (lH, s, ArH) , 6.97 and 7.52 (each 
1H, d, J 3Hz, ArH); mass spectrum mle 482(M+, 63%), 484(5), 
483 (20), 451 (7), 450 (10), 385 (12), 384 (53), 383 (66), 352 (10) , 
351(24),346(5),308(10),306(6),276(17),271(7),210(16), 
209 (12), 179 (20), 178 (100), 177 (45), 152 (7), 151 (7), 150 (10), 
149 (30), 135 (7), 133 (9), 131 (7), 123 (7), 122 (7), 121 (35) , 
119 (15), 109 (12), 107 (16), 105 (18), 99 (41), 95 (15), 93 (18) , 
91(36),86(22),84(25),83(15),82(26),71(72), 70(16),69(15), 
67 (15), 57 (15), 55 (40), 53 (12), 51 (6), 43 (100) and metastable 
peaks at 322, 178 and 151. 
Physodone triethy1 ether (86) 
Physodone (0.85 g), prepared from physodic acid 
(1 0 ) b th th d f A h ' d ,90 t' d . g y e me 0 0 sa lna an Nogaml , was s lrre 
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with diethy1 sulphate (0.98 g) and anhydrous potassium carbonate 
(1.06 g) in ref1uxing acetone (30 m1) for 19 hr. The solution 
was filtered and the inorganic residue washed with acetone. 
The combined acetone fractions were concentrated and the 
residue adsorbed on four silica gel plates and eluted with 
20% ether-light petroleum. A major band developed and physo-
done triethy1 ether (86) (0.45 g, 44.2%) was isolated as a 
colourless oil b.p. 168 0 (bath)/0.5 rom (Found: mol. wt, 
510.2978. C31 H42 0 6 requires mol. wt, 510.2981). v (film) max 
-1 ] 7 3 0 cm ( C =0) ; A 245 (s 5600), 279 (9700), 288 sh (7000) 
max 
and 325 nm(7400); p.m.r. 00.80-1.00 (6H, m, -(CH2)4CH3)' 
1.10-1.90 (21H, m, )CH2CH3 and -CH2(CH2)3CH3)' 2.48 (4H, t, 
J 7Hz, -CH 2C4H9 ), 3.99 (6H, m, OCg 2CH3 ), 6.02 and 6.32 (each 
1 H , 2d, J 3 H 3' Ar H), 6. 09 (1 H , s, HC =C ), 6. 4 0 ( 2 H , s, Ar H) ; 
mass spectrum mle 510 (M+, 100%), 512(8), 511(35), 286(5), 
225(11), 224(34),179(8), 43(8), 41(7) and metastable peaks 
at 205, 185 and 111.5. 
Irradiation of physodone triethyl ether (86) 
A solution of the ether (0.75 g) in analytical grade 
methanol (200 ml) was irradiated with the American Hanovia 
lamp for 10 hr. The residue obtained on evaporation of the 
solvent was adsorbed on four silica gel plates and eluted 
with 10% ether-light petroleum. Two major bands developed. 
That of lower Rf was identified as recovered starting ether 
(0.25 g) while the second fraction was repeatedly chromato-
graphed on a silica gel plate with 10% ether-light petroleum 
as eluant. Olivetonide monoethyl ether (88) (20.4 mg, 7.6%) 
was isolated as a colourless material which recrystallised 
as colourless needles from aqueous ethanol, m.p. 54-55° 
(Found: C, 69.59; H, 7.23. C16H2004 requires C, 69.54; 
-1 H , 7. 3 0 %). 'J ( film) 1 7 4 0 cm ( C =0) ; A 2 5 6 s h (E: 111 0 0) , 
max max 
27 9 (6 6 0 0), 28 9 (4 2 0 0 ) and 3 2 9 nm ( 58 00); p . m . r. 8 O. 9 0 ( 3 H, m, 
-(CH2 )4 CH3), 1.42 (3H, t, J 7Hz, OCH 2CH3 ), 1.30-1.90 (6H, m, 
-CH2 (CH 2 ) 3CH3) , 2.48 (2H, t, J 7Hz, -CH2C4 H9 ), 4.10 (2H, q, 
J 7Hz, OCH 2CH3 ), 6.17 (lH, s, HC=C ), 6.25 and 6.43 (each IH, 
2d, J 2.5Hz, ArH) , 11.15 (lH, s, OH); mass spectrum mle 
276 (M+, 100%), 277 (20), 258 (7), 248 (10, 243 (5), 221 (5), 
220 (25), 205 (6), 192 (13), 191 (10), 178 (33), 164 (16), 163 (6) , 
150(7),149(5),121(16), 69(5) and metastable peaks at 241, 
233, 229, 195, 175, 157, 144, 139, 126, 112 and 99. 
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4-Methoxyphenyl 4-methylphenyl ether (92) 
A solution of 4-bromotoluene (4.35 g), 4-methoxy-
phenol (3.05 g) and finely divided anhydrous potassium 
carbonate (7.5 g) in pyridine (50 ml) were stirred under 
nitrogen and heated to 130°. Cupric oxide (1.5 g) was 
added and the temperature raised to 150°. The mixture was 
then stirred at 150-155° for 27 hr and then poured into 
dilute hydrochloric acid and extracted with ether. The ether 
extract was washed with IN hydrochloric acid and dried 
(MgS0 4 ). Evaporation of the solvent gave a residue which 
was adsorbed on four silica gel plates and eluted with 20% 
ether-light petroleum. 
4-Methoxyphenyl 4-methylphenyl ether (92) (2.22 g, 
42%) was isolated as a colourless oil which crystallised on 
standing, m.p. 47-47.5° (lit. 136 45-46° , lit. 138 47-48°). 
Irradiation of 4-methoxyphenyl 4-methylphenyl ether (92) 
A solution of 4-methoxyphenyl 4-methylphenyl ether 
(1.0 g) in 90% ethanol solution (180 ml) was irradiated with 
the American Hanovia lamp for 12 hr. The solvent was then 
evaporated and the residue adsorbed on five silica gel plates 
and eluted with 10% ether-light petroleum. Five major bands 
developed. The initial band contained 4-methoxyphenol (0.1 g, 
17.3%), identical with authentic material. The second band 
yielded 4-hydroxy-4'-methylbiphenyl (98) (59 mg, 6.8%) which 
was recrystallised from carbon tetrachloride as colourless 
flakes, m. p. 154-155° (lit. 137 153-154 0) • 
2-Hydroxy-5-methoxy-4'-methylbiphenyl (99) (95.2 mg, 
9.5%) was isolated from the third band as a colourless oil. 
P.m.r. (CC1 4 ) 0 2.36 (3H, s, Ar-CH3 ), 3.67 (3H, s, OCH3 ) , 4.84 
( 1 H , b s, a H), 6. 6 0 - 6 . 8 4 ( 3 H, m, Ar H), 7. 1 0 - 7 . 4 5 ( 4 H, m, Ar H) ; 
92 
+ rna s ssp ec trum ml e 2~ 4 (M , 1 0 0 %), 215 (1 7), 2 0 0 (6), 19 9 (41) , 
198 (8), 183 (5), 181 (9), 171 (22), 154 (6), 153 (16), 152 (7) , 
142(9),141(12.5),139(5),129(7),128(31), 127(9), 114(25), 
113(6), 91(6.5), 61(5), 45(5) and metastable peaks at 199, 
185, 164, 147 and 123. 
Methylation of this compound with dimethyl sulphate 
and anhydrous potassium carbonate in refluxing acetone, gave 
on removal of the solvent a residue which was adsorbed on a 
silica gel plate and eluted with 3% ether-light petroleum. 
A single band developed which contained 2,5-dimethoxy-4'-
methylbiphenyl (100) (75.8 mg, 74.6%) identical to authentic 
material. 
The fourth band was rechromatographed on similar 
plates and gave an unidentified hydroxymethoxymethylbiphenyl 
(22.4 mg, 2.24%) as a colourless oil. P.m.r. (CC1 4 ) <5 2.41 
(3H, s, Ar-CH3), 3.63 (3H, s, OCH3 ) , 4.77 (lH, bs, OH), 
6 . 3 0 - 6 . 5 8 ( 2 H , m, Ar H), 6. 7 0 - 7 . 4 0 ( 5 H, m , Ar H); rna s s 
spectrum mle 214 (M+, 100%), 215 (16) , 213 (12), 200 (5), 199 (36), 
198(18),197(12),185(10),184(48),183(17), 182(6), 181(11), 
171(5),169(15),168(6),164(6.5),155(5.5), 193(9), 152(7), 
141(8), 128(11), 127(5), 115(11), 51(5) and metastable peaks 
at 199, 184, 169, 155 and 152. 
The oil was then methylated by refluxing with 
dimethyl sulphate and anhydrous potassium carbonate in acetone. 
The residue left on evaporation of the solvent was adsorbed 
on a silica gel plate and eluted with 3% ether-light petroleum. 
The major band yielded an unidentified product (18.6 mg, 
77.8%) recrystallised from aqueous ethanol as white needles, 
m.p. 89-90.5° (Found: C,78.86; H, 6.84. C15H160Z requires 
C, 78.92; H, 7.06%). A 249( £ 9200) and 275 sh nm(3600); 
max 
p.m.r. (CC1 4 ) <5 2.40 (3H, s, Ar-CH3 ), 2.68 (6H, s, OCH3 ) , 
93 
6.57 (2H, d, J 8Hz, ArH) , 7.13 (5H, m, ArH); mass spectrum 
m/ e 228 (M +, 10 0 %), 2 2 9 (1 7), 2 27 (5), 213 (1 7), 19 9 (5), 198 (21) , 
197 (6.5), 182 (5), 181 (5), 141 (5), 115 (6) and metastable peaks 
at 199, 184, 170, 114 and 106. 
The final band isolated yielded unreacted starting 
ether ( 3 2 . 1 mg) . 
3-Methoxyphenyl 4-methylphenyl ether (93) 
This ether was prepared by the method of Bacon and 
stewart,134 b.p. 180°/20 mm (lit. 140 179-181°/20 mm). 
Irradiation of 3-methoxyphenyl 4-methylphenyl ether (93) 
A solution of 3-methoxyphenyl 4-methylphenyl ether 
(1.054 g) in 90% ethanol solution (200 ml) was irradiated 
with the American Hanovia lamp for 12.5 hr. The solvent was 
then evaporated and the residue adsorbed on two silica gel 
plates and eluted with 20% ether-light petroleum. One major 
band developed which contained 2-hydroxy-3'-methoxy-5-methyl-
'(t'\ "'. J 
biphenyl (102) ,, (0.43 g, 40.8%) which J.st I ~CI at 98° (bath)/ 
0.4 mm (Found: C, 78.51; 
78.48; H, 6.59%). 'J 
max 
H, 6.55. C14H1402 requires C, 
(film) 3516 and 3416 cm-1 (OH); A 
max 
251( £ 7100) and 291 nm(5150); p.m.r. 02.26 (3H, s, Ar-CH3)' 
3 . 7 0 ( 3 H , s, OC!:! 3)' 5. 7 2 ( 1 H, b s, 0 H), 6. 6 2 - 7 . 5 0 ( 7 H, m, Ar H) ; 
+ mass spectrum m/e 214 (r-i , 86%), 215 (16), 213 (12), 199 (14) , 
198 (5), 191 (9), 190 (11), 189 (6), 184 (7), 183 (15), 182 (5) , 
94 
171 (9), 169 (5), 155 (5), 153 (6), 152 (6), 141 (8), 128 (13), 127 (5), 
115 (10), 109 (11), 108 (99), 107 (100), 106 (7), 81 (5), 80 (10) , 
79 (22), 78 (11), 77 (28), 75 (5), 65 (7), 63 (11), 62 (5), 55 (8), 
54 (5), 53 (13), 52 (10), 51 (18), 50 (11) and metastable peaks 
at 186, 156.5 and 59. 
A fraction of this irradiation product (284.2 mg) 
was then methylated and chromatographed by the usual procedure. 
One major band developed which contained 2,3'-dimethoxy-5-
methy1bipheny1 (104) (0.13 g, 43%) which distilled as a 
colourless oil, 94° (bath)/0.07 rom and was identical with 
authentic 2,3'-dimethoxy-5-methy1bipheny1 (Found: C , 78.98; 
H, 7.36. C15H1602 requires C, 78.92; H, 7.06%). A max 
249( s 9200) and 290 nm(6700); p.m.r. <52.28 (3H, s, Ar-CH3 ), 
3.65 and 3.75 (each 3H, s, OCH3 ) , 6.70-7.38 (7H, m, ArH); 
mass spectrum mle 228 (M+, 100%), 229(17.5), 227(6), 214(5), 
213(26),198(23),197(14),195(7),185(6), 183(6.5), 182(8.5), 
181(8),170(6),169(6),153(5),152(6),142(5), 141(8),115(8) 
and metastable peaks at 199, 184 and 170. 
2-Methoxypheny1 4-methy1pheny1 ether (94) 
This ether was prepared by the method of Bacon and 
stewart,134 m.p. 52-52.3° 1it. 134 53°, 1it. 139 51.8 - 52.3°). 
Irradiation of 2-methoxypheny1 4-methy1pheny1 ether (94) 
A solution of 2-methoxypheny1 4-methy1pheny1 ether 
(1.45 g) ln 90% ethanol solution (200 m1) was irradiated with 
the American Hanovia lamp for 13.3 hr. The solvent was then 
evaporated and the residue adsorbed on a silica gel plate 
and eluted with 20% ether-light petroleum. The major band 
yielded 2-hydroxy-2' - methoxy- 5-methy1bipheny1 (106) (0.494 g, 
34.1%) as a colourless oil, b.p. 91° (bath)/O 11 rom (Found: 
mol. wt, 214.0994. C14H1402 requires mol. wt, 214.0994). 
95 
v (film) 3380 em-I (OH); A 243 sh(s 6200) and 284nm(5700) ; 
max max 
p.m.r. <5 2.28 (3H, s, Ar-CH3 ), 3.73 (3H, s, OCH3 ) , 6.24 (lH, 
bs, OH), 6.57-7.50 (7H, m, ArH); mass spectrum mle 214 
(M+, 100%), 215 (19), 213 (9), 199 (19), 198 (7), 197 (6), 185 (6) , 
184(15),183(15),182(8),181(17),171(8),169(5),167(5), 
155 (7), 153 (7), 152 (9), 141 (7), 129 (5), 128 (13), 127 (6) , 
115(11.5),109(6),108(29),107(32) , 106(7),91(7) ,89(5 ), 
88 (5), 79 (8), 78 (6), 77 (14), 76 (5), 65 (5), 63 (8), 53 (7), 52 (6) , 
51(9}, 50(6), 43(5), and metastable peaks at 185 and 156. 
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A portion of this biphenyl (0.28 g) was methylated 
and chromatographed according to the general procedure and 
one maJor fraction was isolated (156.7 mg, 51.8%) as a colour-
less oil, which was identical with authentic 2,2'-dimethoxy-
5-methylbiphenyl (108) and distilled at 98° {bath)/0.04 mm 
(Ebund: C, 79.17; H, 7.24, C15H1602 requires C, 78.92; H, 
7.06%). A 239 sh{E 10000) and 282 nm(8700); 
max 
p.m.r. c5 2.28 
(3H, s, Ar-CH3 ), 3.68 and 3.70 {each 3H, s, OCH3 ) , 6.70-7.50 
(7H, m, ArH); mass spectrum mle 228~+, 100%), 229(17), 2l3(15) , 
198 (20), 197 (6), 183 (5), 182 (8), 181 (10), 169 (5), 152 (5) , 
l15(5) and metastable peaks at 198, 184 and 169. 
l-Bromo-2,4-dimethoxybenzene 
This compound was prepared from 1,3-dimethoxybenzene 
140 by the method of Schlagel and co- workers and had a p.m.r. 
consistant with that quoted by the workers named above. 
2,4-Dimethoxyphenyl 4 - methylphenyl ether (95) 
This ether was prepared by the method of Bacon and 
134 Stewart from 4-hydroxytoluene and l-bromo-2,4 - dimethoxy-
benzene. In this procedure the residue (5.0 g) obtained from 
the condensation reaction was adsorbed onto five silice gel 
plates and eluted with 5% ether - light petroleum. Two major 
bands developed; the first contained unreacted bromo compound 
while the second band yielded 2,4-dimethoxyphenyl 4-methyl-
phenyl ether (95) (0.95 g, 26.6%) which sublimed {112° (bath)1 
1.2 mm) as white crystals, m.p. 51-52° (Ebund: C , 73.81; H, 
6.67. C15H1603 requires C, 73.75; H, 6.60 %). A 278{ E 4400) max 
and 2 8 4 nm ( 4 0 0 0); p . m . r. c5 2. 3 2 ( 3 H , s, Ar - CH 3)' 3. 8 4 ( 6 H , s, 
OCH3 ) , 6.42-7.34 (7H, m, ArH); mass spectrum mle 244 (M+ , 100%), 
245(18), 243(12), 229(8.5), 2l5(5), 2l4(12), 201(8), 169(5), 
155 (5), 153 (12), 125 (7), 105 (6), 99 (13), 91 (16), 79 (5), 77 (6) , 
69(5), 65(15), 55(8) and metastable peaks at 215, 176 and 42. 
Irradiation of 2,4-dimethoxyphenyl 4-methylphenyl ether (95) 
A solution of this ether (0.95 g) in 90% ethanol 
solution (200 ml) was irradiated with the American Hanovia 
lamp for 11.7 hr and the solvent was then evaporated. The 
residue adsorbed on a silica gel plate and eluted with J5% 
ether-light petroleum. Two major bands developed. The 
initial band (high Rf) contained 2-methoxy-8-methyldibenzofuran 
(110), (8.1 mg, 0.97%) as yellow crystals, m.p. 50-52° 
mol. wt, 212.0836 C14H1202 requires mol. wt, 212.0837). 
(Found: 
A 
max 
245 (s 18800), 254 (24600), 291 sh(22800), 296 (28900) and 324 
97 
nm(7700); p.m .r. (CC14 ) 8 2.48 (3H, s, Ar-CH3 ), 3.86 (3H, s, 
OCH3 ) , 6.88-7.44 (5H, m, ArH) , 7.65 (JH, bs ArH); mass spectrum 
mle 212(M+, 100%),214(6),213(19),211(7),198(10),197(57), 
181(5),170(5),169(34),168(7),153(6),152(6), 149(6), 141(6), 
139(10), 115(22), 106(7), 63(5) and metastable peaks at 184, 
145, 117 and 94. 
The second band was repeatedly chromatographed on 
similar plates and eventually yielded a yellow oil (49.8 mg, 
6.0%), identified as 4-hydroxy-3-methoxy-4'-methylbiphenyl (107) 
-1 
which had v (film) 3510 and 3440 cm (OH); p.m.r. 82,36 
max 
(3H, s, Ar-CH 3 ), 3.95 (3H, s, OCH3 ) , 5.30-5.80 (lH, bs, OH), 
6.80-7.60 (7H, m, ArH); + mass spectrum mle 214(M ,100%), 
215(17),200(5),199)31),198(7),171(24.5), 153(5),152(5), 
141(5.5), 128(10), 115(9), 107(5) and metastable peaks at 185 
and 146. 
A fraction of this biphenyl (12.8 mg) was then 
methylated and chromatographed by the general procedure and 
yielded 3,4-dimethoxy-4 '-methylbiphenyl (109) (6.8 mg, 50%) 
as a yellow oil identical with an authentic sample of the 
biphenyl. 
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2-Hydroxy-3-methoxytoluene 
This phenol was prepared from a-vanillin by the method 
of Majima and Okazaki,141 m.p. 40.5-42° (lit. 141 41-42°). 
2-Methoxy-6-methylphenyl 4-methylphenyl ether (96) 
An Ullmann reaction of 2-hydroxy-3-methoxytoluene 
and 4-bromotoluene according to the method of Bacon and stewart134 
was used to prepare 2-methoxy-6-methylphenyl 4-methylphenyl 
ether (96) as a white crystalline solid, m.p. 74-76° (Found: 
C, 7 9 . 2 6; H , 7. I J. C 15 HI 6 0 2 r e qu ire s C, 7 8 . 9 2 ; H , 7. 0 6 %) . 
A 2 7 2 (s 2 7 0 0), 2 7 4 (2 8 0 0), 2 7 8 (31 0 0 ) and 2 8 4 • 5 nm (1 7 0 0) ; 
max 
p.m.r. 8 2.14 and 2.25 (each 3H, s, Ar-CH3 ), 3.67 (3H, s, 
OCH3 ) , 6.64-7.22 (7H, m with 2d, J 8Hz superimposed, ArH); 
+ mass spectrum mle 228(M , 100%), 229(18), 213(6.5),198(18), 
197(6.5),142(6),136(6),135(7),107(6),106(7),105(29), 
91(19),89(5),79(5),78(7.5),77(9),66(8),65(17),63(5), 
5] (7) and metastable peaks at 199, 134, 48 and 47. 
Irradiation of 2-methoxy-6-methylphenyl 4-methylphenyl ether 
(96) 
A solution of this ether (1.23 g) in 90% ethanol 
solution (200 ml) was irradiated with the American Hanovia 
lamp for 10 hr. The solvent was then evaporated and the 
residue adsorbed on two silica gel plates and eluted with 
20% ether-light petroleum. Two major bands developed. The 
band of higher Rf value was rechromatographed on a small 
silica gel (20 x 20 cm) plate with light petroleum as eluant. 
One major band developed which contained 2,6-dimethyldibenzo-
furan (112) (25.0 mg, 2.4%) as a brown oil (Found: mol. wt, 
196.0882. C14H12 0 requires mol. wt, 196.0888). Amax 241 
(s 8900), 254.5 (14100), 286 (13500), 296 (6500), 299 sh (5500) 
and 310 nrn(4200); p.m.r. 82.49 and 2.56 (each 3H, s, Ar-CH3 ), 
7.22 and 7.44 (each 2H, 2d, J 8Hz, ArH) , 7.71 (2H, bs, ArH); 
mass spectrum mle 196(M+, 199%),197(17),195(37),194(8), 
181 (12), 165 (13), 154 (5), 153 (12), 139 (5), 115 (7), 99 (6) , 
97(16), 63(6), 51(5) and a metastable peak at 167. 
The second band yielded 2-hydroxy-2'-methoxy-5,6'-
dimethy1bipheny1 (Ill) (0.45 g, 36.6%) which distilled as a 
colourless oil b.p. 100 0 (bath)/0.3 rom (Found: C, 78.88; 
H, 7.18. C15H1602 requires C, 78.92; H, 7.06%). vmax (film) 
3490 and 3426 cm-1 (OH); A 283 nm(€ 4900); p.m.r. 02.12 
max 
and 2.32 (each 3H, s, Ar-CH3 ), 3.78 (3H, s, OCH3 ) , 4.40-4.90 
(lH, bs, OH), 6.82-7.48 (6H, m, ArH); mass spectrum mle 228 
(M +, 100 %), 229 (20), 227 (7), 214 (8), 213 (38), 212 (7), 211 (6) , 
199 (8), 198 (16), 197 (26), 196 (8), 195 (14), 185 (8), 183 (5), 
182(7),181(9),180(5),179(7),165(7),154(7), 153(9),145(5), 
142(5),141(6),128(5),121(5),115(9),114(5), 108(5), 91(5), 
77(6), and metastable peaks at 199, 184, 170 and 152.5. 
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Methylation and chromatography of a fraction (0.138 g) 
of this irradiation product by the general procedure yielded a 
single band which contained 2,2'-dimethoxy-5,6'-dimethy1bipheny1 
(114) (59.7 mg, 39.8%) as a colourless oil identical with an 
authentic sample of this biphenyl, b.p. 95 0 (bath)/0.08 rom 
(Found: C, 79.17; H, 7.49.C16H1802 requires C, 79.31; H, 7.49%). 
A 281 (€ 4600) and 285 sh nm(3900); p.m.r. (CC14 ) 0 1.96 max 
and 2.28 (each 3H, s, Ar-CH3 ), 3.62 (6H, s, OCH3 ) , 6.60-7.18 
(6H, m, ArH); + mass spectrum mle 242(M , 100%), 243(19), 227(14), 
212(13),211(14),197(6),196(11),195(14),173(5),171(5), 
165(5),152(5),135(5),121(5) and metastable peaks at 212, 
198 and 184. 
1-Bromo-3-methoxybenzene 
This compound was prepared from m-anisidine by the 
method of vogel142 and used without further purification. 
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2-Methoxyphenyl 3-methoxyphenyl ether (97) 
134 The procedure of Bacon and stewart was followed 
to prepare this ether from guaiacol and I-bromo-3-methoxy-
benzene. 
2-Methoxyphenyl 3-methoxyphenyl ether (97) was 
isolated in 38.3% yield as a colourless oil which crystallised 
on standing, m.p. 55-55.5 0 (Found: C , 73.10; H, 5.98. 
C14H1403 requires C, 73.02; H, 6.13%). A 275(s 4700) and max 
281 nm(4300); p.m.r. 83.74 and 3.81 (each 3H, s, OCH3 ) , 
6.48-6.73 (3H, m, ArH) , 6.95-7.30 (5H, m, ArH); mass spectrum 
m/ e 230 (M +, 100 %), 231 (19), 215 (5), 200 (8), 199 (20), 186 (7) , 
184(15),172(6),171(7),155(8),144(6),128(9), 127(5),122(7), 
121(79),115(8.5),95(6),92(17),91(7),77(15), 64(15), 63(11), 
53(10),52(7),50(5),41(6). 
Irradiation of 2-methoxyphenyl 3-methoxyphenyl ether (97) 
A solution of this ether (1.11 g) in 90% ethanol 
solution (200 ml) was irradiated with the English Hanovia 
lamp for 10.5 hr. The solvent was then evaporated and the 
residue adsorbed on two silica gel plates and eluted with 10% 
ether-light petroleum. A major and minor band developed. 
The minor band (higher Rf) contained I-methoxydibenzofuran 
(118) (7.9 mg, 0.8%) (Found: mol. wt, 198.0671. C13HI002 
requires mol. wt, 198.0680). P.m.r. (CC1 4 ) was identical with 
that reported for I-methoxydibenzofuran. 143 
The major band yielded 4-hydroxy-3,3'-dimethoxy-
biphenyl (116) (0.62 g, 55.8%) which was crystallised from 
ether-light petroleum as white needles, m.p. 49-50 0 (Found: 
C, 73.19 ; H, 6.47. C14H1403 requires C, 73.03; H, 6.13%). 
v (CHC1 3 ) 3300 cm-
1 (OH); A 275( s 5000) and 281 nm(4500); 
max max 
p.m.r. 8 3.75 and 3.82 (each 3H, s, OCH3 ) , 6.40-6.68 (3H, m, 
Ar H), 6. 8 7 - 7 • 2 2 ( 4 H, m, Ar H) i + mass spectrum m/e 230(M , 98%) , 
231(17),215(5),200(7),199(22),187(8) , 184(17),172(6), 
171 (8), 155 (9), 144 (7), 129 (5), 128 (11), 127 (8), 122 (15) , 
121(100),115(14),107(6),95(9),92(26) , 91(9), 80(6),79(5) , 
78(6),77(26),76(6),65(9),64(25),63(19),53(6),52(17) , 
51(13), 50(8), 41(8) and metastable peaks at 166.5 and 64. 
A fraction of this biphenyl (43 mg) was then 
methylated and chromatographed according to the general 
procedure. A single band developed and yielded 3,3'4-tri-
methoxybiphenyl (117) (25 mg, 54.8%) as a yellow oil which 
was identical with authentic 3,3',4-trimethoxybiphenyl. 
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l-IOdo-2,5-dimethoxybenzene 
This compound was prepared in 80% yield from 
1,4-dimethoxybenzene by the method of Kauff mann and Fritz 96 
and was obtained as a colourless oil which was used without 
further purification. 
2,5-Dimethoxy-4'-methylbiphenyl (100) 
An Ullmann reaction of 4-iodotoluene (1.86 g), 
l-iodo-2,5-dimethoxybenzene (1.5 g) with unactivated copper 
bronze powder (20 g) gave a residue which was adsorbed on 
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four silica gel plates and eluted with 5% ether-light petroleum. 
Four major bands developed and the band which yielded an oil 
which had m/e value corresponding to C15H1602 was repeatedly 
chromatographed on a silica gel plate with light petroleum 
initially and then 2% ether-light petroleum as eluants. A 
pale yellow oil 2,5-dimethoxy-4'-methylbiphenyl (100) (0.243 g, 
14 . 8%) was isolated with b.p. 106 0 (bath)/0.13 mm (Found: 
C, 78.77; H, 6.90. C15H1602 requires C, 78.92; H, 7.06%). 
Amax 250 (s 5200) and 303 nm(2800); p.m.r. (CC1 4 ) 8 2.31 
(3H, s, Ar-CH3 ), 3.56 and 3.61 (each 3H, s, OCH3 ), 6.71 (2H , 
s, ArH), 6.84 (lH, d, J 3Hz, ArH), 7.13 and 7.38 (each 2H, 2d, 
J 8Hz, ArH); + mass spectrum m/e 228 (M ,100%), 229(18), 
214(9),213(55),199(7),198(30),185(5),183(7),182(7), 
170 (6), 169 (5), 142 (6), 141 (10), 139 (5), 138 (5), 123 (6) , 
116(5), 115(13), 114(5) and metastable peaks at 200 and 184. 
3-Iodo-4-methoxytoluene 
This compound was prepared from 4-methoxytoluene 
In 30% yield by the method of Dains and co-workers. 97 P.m.r. 
8 2.3 (3H, s, Ar-CH3 ), 4.14 (3H, s, OCH3 ), 7.00 and 7.33 
(each IH, 2d, J 9Hz, ArH), 7.64 (lH, bs, ArH). 
2,4'-Dimethoxy-5-methylbiphenyl (101) 
An Ullmann reaction of 3-iodo-4-methoxytoluene 
(0.8 g) and l-iodo-4-methoxybenzene (prepared by diazotisation 
of p-anisidine; m. p . 49-50.5° (lit. 144 51°)) (3.02 g) with 
unactivated copper bronze (25 g) produced a crystalline 
residue which was recrystallised from carbon tetrachloride 
to give 4,4'-dimethoxybiphenyl (0.64 g, 23%), m.p. 177° 
(lit. 145 176.5-177°). The mother liquor was concentrated 
and adsorbed on a silica gel plate and eluted successively 
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with 50% benzene-light petroleum and 10% ether-light petroleum. 
A major band developed and was rechromatographed on a silica 
gel (20 x 20 cm) plate with 5% ether-light petroleum as eluant. 
2,4'-Dimethoxy-5-methy1bipheny1 (101) (81 mg, 10.9%) was 
isolated as a colourless oil, b.p. 64° (bath)/0.57 rom (Found: 
mol. wt, 228.1153 . C15H1602 requires mol. wt, 228.1150). 
A 2 57 (€ 12 3 0 0), 2 8 6 (6 5 0 0 ) and 2 91 s h nm ( 58 0 0); p . m . r . ( C C 14 ) 
max 
02.30 (3H, s, Ar-CH3 ), 3.71 and 3.81 (each 3H, s, OCH3 ) , 
6.70-7.02 (5H, m, ArH) , 7.35 (2H, d, J 9Hz, ArH); mass spectrum 
m/e 228 (M+, 100%), 229 (18), 214 (9), 213 (55), 199 (7), 198 (30), 
185(5), 183(7), 182(7), 170(6), 169(5), 142(6), 141(10), 139(5), 
138(5),123(6),116(5), 115(13), 114(5) and metastable peaks 
at 200 and 184. 
l-Iodo-3-methoxybenzene 
A chilled solution of m-anisidine (8.8 g) ln aqueous 
50% hydrochloric acid solution (38 m1) was slowly treated with 
a chilled solution of sodium nitrite (5.5 g in 25 ml water). 
Potassium iodide solution (12 g in 15 ml water) was added and 
the mixture stood at room temperature for 2 hr. The solution 
was basified (10% sodium hydroxide solution) and steam 
distilled. Several grams of sodium thiosulphate were added 
to the distillate which was then extracted with ether. The 
ether extract was dried (MgS0 4 ) and concentrated to yield 
l-iodo-3-methoxybenzene (12.4 g, 74%) as a yellow oil, b.p. 
110°/11 rom (lit. 146 123°/14 rom). 
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2,3'-Dirnethoxy-5-methylbiphenyl (104) 
Treatment of l-iodo-3-methoxytoluene (3 g) and l-iodo -
147 3-methoxybenzene (3.2 g) with activated copper bronze (40 g) 
in a sealed tube gave a residue which was adsorbed on two 
silica gel plates and eluted with 3% ether-light petroleum. 
Many bands developed and the one which had a m/e value 
corresponding to C15H1602 was exhaustively rechromatographed 
with 1% ether-cyclohexane and 1.5% ether-light petroleum as 
eluants. 2,3'-Dimethoxy-5-methylbiphenyl (104) (12 mg, 0.44%) 
was isolated as a colourless oil identical with the methylated 
hydroxybiphenyl obtained by irradiation of 3-methoxyphenyl 
4-methylphenyl ether (93). 
l-Iodo-2,4-dirnethoxybenzene 
d . .. 98 f 1 d The proce ure of St]ernstrom was 01 owe to prepare 
l-iodo-2,4-dimethoxybenzene in 97% yield as white crystals, 
m . p . 41 0 (1 it. 9 8 4 0 0) • 
2,4-Dimethoxy-4'-methylbiphenyl (105) 
The Ullmann reaction of a mixture of 4-iodotoluene 
(2.18 g), l-iodo-2,4-dimethoxytoluene (5.28 g), and activated 
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copper bronze (12 g) gave a red oil (7 g), a portion (2.1 g) 
of which was adsorbed on three silica gel plates and eluted 
with 10% ether-light petroleum. The major band which developed 
was rechromatographed on a silica gel plate with 1% ether-light 
petroleum and 2,4-dimethoxy-4'-methylbiphenyl (105) (143.3 mg, 
21%) was isolated as a yellow oil, b.p. 103 0 (bath)/0.7 rom 
(Found: C, 78.93; H,7.l6. C15H1602 requires C, 78.92; H, 
7.06%). A 260 ( E: 13500) and 287 nm (7300) ; 
max 
p.m.r. cS 2.32 
(3H, s, Ar-CH3 ), 3.69 and 3.75 (each 3H , s, OCH3 ), 6.40-6.60 
(2H, m, ArH), 7.04-7.44 (5H, m, ArH); mass spectrum m/e 
2 2 8 (M +, 1 0 0 %), 2 2 9 (18), 213 (2 3), 1 98 (1 7), 18 5 (11), 18 3 (6) , 
182 (5), 170 (7), 142 (8), 141 (10), 115 (9), 114 (5) and metastable 
peaks at 198, 184 and 161. 
l-Iodo-2-methoxybenzene 
This compound was prepared from o - anisidine (9 g) 
In 46% yield by the procedure already described to prepare 
l-iodo-3-methoxybenzene from m- anisidine. l-Iodo-2-methoxy-
benzene #~s a yellow oil, b.p. 125-127°/20 rom (lit. 148 91-92°/ 
2rom) . 
2,2'-Dimethoxy-5-methylbiphenyl (108) 
An Ullmann reaction of 3-iodo-4-methoxytoluene (3 g) 
and l-iodo-2-methoxybenzene (2.9 g) with activated copper 
147 bronze powder (20 g) in a sealed tube gave an oily residue 
(2.8 g), a portion (1.8 g) of which was adsorbed on three 
silica gel plates and eluted with 3% ether-light petroleum. 
The major band which developed was rechromatographed on a 
silica gel plate with 2% ether-light petroleum as eluant to 
glve the 2,2'-dimethoxy-5-methylbiphenyl (108) (177.4 mg, 10%) 
as a colourless oil identical with the methylated hydroxy-
biphenyl obtained after irradiation of 2-methoxyphenyl 
4-methylphenyl ether (94). 
l-Iodo-3,4-dimethoxybenzene 
Iodination of 1,2-dimethoxybenzene according to the 
d f · h' 99 8 5 50 . Id fl' d 3 4 proce ure 0 RltC le gave an . ~ Yle 0 -lO 0 - , -
dimethoxybenzene, obtained as a pale yellow oil which was 
used without further purification. Mass spectrum m/e 264 
(M+ , 100%), 265 (9), 249 (32), 221 (12), 107 (7), 94 (43), 92 (6) , 
79(31),77(10),76(5),66(14),61(11) , 52(33),51(11) and 
metastable peaks at 235 and 166. 
3,4-Dimethoxy-4'-methylbiphenyl (109) 
The Ullmann reaction of l-iodo-3,4-dimethoxybenzene 
(4.0 g) and 4-iodotoluene (3.3 g) with activated copper 
bronze147 (12.3 g) gave a residue which was adsorbed on SlX 
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silica gel plates and eluted with 5% ether-light petroleum. 
A low Rf band gave an oil which had an mle value of 228. This 
oil was adsorbed on a silica gel plate and eluted with 2% 
ether-light petroleum. A single band developed which yielded 
the 3,4-dimethoxy-4'-methy1bipheny1 (109) (131 mg, 3.8%) as 
white needles, m.p. 62-64° (Found: C, 78.93; H, 7.43. 
H,7.06%). A 265(€ 14600) 
max 
and 281 sh nm(12700); p.m.r. 0 2.32 (3H, s, Ar-CH3 ), 3.81 and 
3.84 (each 3H, s, OCH3 ) , 6.77-7.40 (7H, m, ArH); mass spectrum 
ml e 228 (M +, 100 %), 23 0 (6), 229 (4 5), 214 (6), 213 (35), 212 (5) ; 
197 (11), 195 (20), 192 (9), 191 (5), 168 (6), 167 (7), 166 (7) , 
165(17),155(6),153(13),152(12),149(5),142(8),141(14), 
138(8),115(11),114(5),107(9),95(5),91(13), 85(5),83(6), 
81(5),79(6),77(7),71(6),68(7),65(9),63(5), 57(11), 55(10), 
52(5), 51(10), 43(11), 41(11) and a metastable peak at 198. 
2-Iodo-3-methoxyto1uene 
(a) 3-Hydroxy-2-nitrotoluene 
This compound was prepared ln 37% yield from m-cresol 
(22.3 g), 20% fuming sulphuric acid (80 ml) and fuming nitric 
acid (9.5 m1, sp. gr. 1.5) according to the modification of 
Hodgson and Beardl49 of the method of Gibson. IOO v (film) 
max 
-1 3300 (OH) , 1540, 1325 and 860 cm (N0 2 ); p.m.r. 0 2.60 (3H , 
s, Ar-CH3 ) 6.70-7.54 (3H, m, ArH). 
(b) 3-Methoxy-2-nitroto1uene 
This compound was prepared from 3-hydroxy-2-nitro-
toluene (4.7 g) in 42.5% yield by the method of Haworth and 
150 Lapworth. The compound was a yellow oil which was used 
without further purification. P.m.r. 0 2.25 (3H, s, Ar-CH3)' 
3 .84 (3H, s, OCH3 ) , 6. 78-7 .50 (3H, m, ArH). 
(c) 2-Amino-3-methoxytoluene 
150 The procedure of Haworth and Lapworth was used 
to prepare this compound in 48.5% yield by treatment of the 
crude 3-methoxy-2-nitrotoluene (5.9 g) with stannous chloride 
(30 g) in refluxing 50% hydrochloric acid solution, b.p. 113 -
117°/16 rnrn (lit. 119-121°/16 rnrn, lit. lOO 124-126°/15 rnrn). 
P.m.r. 0 2.16 (3H, s, Ar-CH3 ), 3.83 (5H, s, superimposed on 
bs, OCH3 and -NH2 ) , 6.72 (3H, s, ArH). 
(d) 2-Iodo-3-methoxytoluene 
2-Arnino-3-methoxytoluene (1.8 g) was dissolved in 
water (8 ml) and slowly treated with concentrated sulphuric 
acid (1.5 ml) and then cooled to below 5°. A solution of 
sodium nitrite (10 g) in water (2 ml) was slowly added with 
p~ r ~s.; h"I ' t J' (./ (J 111'\ £" ~ ) 
stirring and maintaining the temperature below 5°. ~ 
",d th M. tJ.,..~ 
solution was thenAstood on the water-bath (100°) for 15 mln 
and then ~room temperature for 2 hr. Sodium bisulphite 
(0.3 g) was added and the mixture steam distilled. The 
distillate was treated with O.lN sodium hydroxide solution 
and extracted with ether. The ether extract was dried (MgS0 4 ) 
and concentrated to an oil which was adsorbed on four silica 
107 
gel plates and eluted with 5% ether-light petroleum. Two major 
bands developed. The band of lower Rf value gave the 2-iodo-
3-methoxytoluene (0.98 g, 30%) as a colourless oil (lit15l 
b.p. 99%.1 rnrn) which was not further purified. P.m.r. 0 
2 . 4 7 ( 3 H , s, Ar -C H 3)' 3. 8 8 ( 3 H , s, OC H 3) ' 6. 5 0 - 7 . 4 0 ( 3 H , m, 
+ ArH) , mass spectrum m/e 248(M ,100%), 249(9), 233(18) , 
106(19),105(5),91(21),90(5),78(17),77(7),65(7),63(5) , 
55(8), 54(8) and metastable peaks at 218, 48 and 47. 
The second band contained a white crystalline solid 
identified as 5-chloro-2-iodo-3-methoxytoluene (0.44 g, 11.9%), 
m.p. 64-65° (Found: C, 34.28; H, 2.87; Cl, 12.35; I, 45.06. 
C8H8ClIO requires C, 34.01; H, 2.85; Cl, 12.55; I, 44.92%). 
Amax 241(E 8900), 281(2400) and 289 nm(2500); p.m.r. 0 2.45 
(3H, S, Ar-CH3 }, 3.91 (3H , S , OC~3) I 6.68 and 6.96 leach 2H , 
2d, J 3 Hz, ArH); + mass spectrum m/e 282(M I 100%), 285(4) , 
284 (35), 283 (10), 267 (10), 142 (7), 140 (20), 127 (8), 125 (15) , 
11 2 (11), 91 (6), 8 9 (1 0), 7 7 (1 0), 7 5 ( 6) , 6 3 (5), 51 (5), a nd a 
metastable peak at 253. 
2,2'-Dimethoxy-5,6'-dimethylbiphenyl (114) 
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An Ullmann reaction of a mixture of 3-iodo-4-methoxy-
toluene (4.4 g), 2-iodo-3-methoxytoluene (0.88 g) and unac-
tivated copper bronze (50 g) gave an oily residue (4.45 g) , 
a fraction (0.5 g) of this oil was adsorbed on a silica gel 
plate and eluted with 2% ether-light petroleum. One major 
band developed and gave a yellow oil (0.42 g) which was 
dissolved in carbon tetrachloride and further purified by 
gas chromatography. Three separate fractions with retention 
times of 22.25 min, 29 min and 41.3 min were collected. The 
second fraction (0.11 g, 12.8%) was a colourless oil identi-
fied as 2,2'-dimethoxy-5,6'-dirnethylbiphenyl (114) and was 
identical with the methylated hydroxybiphenyl obtained from 
the irradiation of the 2-methoxy-6-methylphenyl 4-methylphenyl 
ether C96). 
5-Bromo-2-hydroxy-3-methoxybenzaldehyde 
2-Hydroxy-3-methoxybenzaldehyde (20.0 g) In chilled 
glacial acetic acid (120 ml) was slowly treated with bromine 
(21.4 g) dissolved in chilled glacial acetic acid (40 ml) . 
The solution was then stirred at room temperature for 2 hr, 
poured into water and extracted with ethyl a cetate. The 
organic extract was dried (Mg S04 ) and the solvent evaporated 
to leave a residue which was recrystallised from benzene a s 
yellow needles of 5-bromo-2-hydroxy-3-methoxybenzaldehyde 
(26.3 g, 86.6%), m.p. 128.5° (lit152 129°). 
5-Bromo-2-hydroxy-3-methoxytoluene 
Treatment of 5-bromo-2 -hydroxy-3 -methoxybenzaldehyde 
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(5.0 g) with hydrazine hydrate (4.1 ml) according to the method 
of Lock153 gave 5-bromo-2-hydroxy-3 - methoxytoluene (3.3 g, 
70.2%) as a yellow oil b.p. 62° (bath)/0.2 mm (Found: C , 
44.46; H, 4.18; Br, 36.98. C8 H9Br0 2 requires C, 44.27; H, 
4.18; Br, 36. 81 %). \) 3520 cm -1 (0 H) ; A 238 (s 74 00) 
max max 
and 2 8 4 nm (3 8 0 0); P . m . r. 8 2. 2 0 ( 3 H , s, Ar -C H 3)' 3. 8 2 ( 3 H , s , 
OCH3 ) , 5.76 (lH, s, OH); 6.85 and 6.92 (each IH, sd, J 2.5Hz , 
ArH); mass spectrum m/e 2l6(M+, 100%), 219(9), 218(97), 
217(10),204(5),203(68),202(6),201(70), 175(18), 173(18) , 
137 (5), 123 (5), 108 (7), 94 (37), 93 (9) , 78 (7), 77 (10), 66 (16) , 
65 (23), 63 (10), 62 (5), 53 (7), 51 (13), 50 (7) and metastable 
peaks at 188, 186, 150 and 51. 
5-Bromo-2,3-dimethoxytoluene 
A solution of 5-bromo-2-hydroxy-3-methoxyto1uene 
(0.15 g), dimethyl sulphate (0.096 g) and anhydrous potassium 
carbonate (0.12 g) ln dry acetone (5 ml) was stirred under 
reflux for 20 hr with the exclusion of moisture. The acetone 
was then evaporated and the residue treated with an ice-
hydrochloric acid mixture and then extracted with ether. The 
ether was dried (MgS0 4 ) and concentrated to a residue which 
was adsorbed on a silica gel plate and eluted with 10% ether-
light petroleum. 
5- Bromo-2,3-dimethoxytoluene (0.13 g, 81.2%) was 
isolated as a yellow oil, b.p. 63° (bath)/0.3 mm (Found : 
C, 46.82 ; H, 4.65 ; Br, 34.76. C9H11Br0 2 requires C , 46.78 ; 
H, 4.80; Br, 34.58%). A 277( s 900) and 283 nm(800) ; 
max 
p . m . r. 8 2. 24 ( 3 H , s, Ar -C H 3)' 3. 8 0 a nd 3. 8 5 ( e a c h 3 H , s , 
13 + 
OCH3 ) , 6.94 (2H, s, ArH); mass s pectrum m/e A(M , 97%), 233(10) , 
232(96),231(10),218(7),217(52.5) , 216(11), 215(50),189 (16) , 
187(17),171(6),145(5),143(5),121(5) , 109(8),108(100) , 
107(6),106(5),93(30),91(10),90(7),89(7),80(6),79(10) , 
78 (19), 77 (25), 65 (37), 64 (10), 63 (20), 62 (8), 53 (6), 51 (2]) , 
50(11) and metastable peaks at 203, 201, 62 and 54. 
3,4-Dimethoxy-4' ,5-dimethylbiphenyl (lIS) 
An Ullmann reaction of 4-iodotoluene (4.0 g) and 
5-bromo-2,3-dimethoxytoluene (1.4 g) with activated copper 
bronze147 (30 g) in a sealed tube gave a residual oil which 
was adsorbed on three silica gel plates and eluted with 5% 
ether-light petroleum. Several major bands developed and 
the fraction which had m/e value of 242 was rechromatographed 
on a silica gel plate with successive eluants of 2.5% and 
1% ether-light petroleum. A major band developed which 
contained 3,4-dimethoxy-4' ,5-dimethylbiphenyl (115) (65.8 mg, 
4.5%) as a yellow oil, b.p. 90° (bath)/0.07 rom (Found: C, 
79.04; H, 7.58. C16H1802 requires C, 79.31; H, 7.49%). 
A 261(€ 15400) and 280 sh nm(8500); p.m.r. 0 2.35 and 2.42 
max 
(each 3H, s, Ar-CH3 ), 3.89 and 3.96 (each 3H, s, OCH3 ), 
7.11-7.36 (2H, m, ArH), 7.36 and 7.61 (each 2H, 2d, J 8Hz, 
ArH); mass spectrum m/e 242 (M+, 100%), 244(6), 243(41), 
228(7),227(41),211(8),200(5),199(25),195(7),184(8), 
181 (7), 169 (8), 167 (10), 166 (10), 165 (13), 156 (16), 155 (9) , 
153(9),152(10),141(15),129(7),128(8) , 121(6),119(6) , 
115(14),91(17),89(5),77(7),65(6),63(5),51(6),43(5), 
41(6) and metastable peaks at 213 and 165. 
3,3',4-Trimethoxybiphenyl (117) 
l-Iodo-3,4-dimethoxybenzene (3.0 g) and l-iodo-3-
methoxybenzene (5.32 g) were reacted together in the presence 
147 
of activated copper bronze powder (12 g) and an oily 
residue (7 g) isolated. A fraction (2 g) of this oil was 
adsorbed on three silica gel plates and eluted with 10% 
ether-light petroleum. A major band of low Rf value was 
collected and rechromatographed on a silica gel plate with 
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20% ether-light petroleum as eluant. One major band developed 
which gave 3,3', 4-trimethoxybiphenyl (117) (78.8 mg, 9.95%) 
as a yellow oil, identical to the methylated hydroxybiphenyl 
isolated from the irradiation of 2-methoxyphenyl 3-methoxy-
phenyl ether (97). B.p. 97° (bath)/0.18 mm (Found: C , 73.66 ; 
H, 6.79. C15H1603 requires C, 73.75; H, 6.60%). A 264 max 
(s 11700) and 288.5 nm(lllOO); p.m.r. 8 3.92, 3.96 and 4.00 
(each 3H, s, OCH3 ) , 6.92-7.56 (7H , m, ArH) , mass spectrum mle 
244 (M +, 1 00%), 24 5 (18), 229 (24), 201 (22), 186 (8), 183 (5) , 
III 
169 (5), 168 (7), 158 (5), 155 (5), 143 (5), 139 (5), 128 (6), 127 (5) , 
122(10),115(16) and metastable peaks at 215,177 and 172. 
2,5-Dihydroxypropiophenone (135) 
This compound was prepared ln 36% yield from 1,4-
dihydroxybenzene (110 g), propionic acid (74.0 g) and Zlnc 
107 
chloride (137 g) by the method of Cooper, m.p. 93° 
(lit~54 920). 
2-Hydroxy-5-methoxypropiophenone (136) 
155 (a) The procedure of Vyas and Shah was used to prepare 
2-hydroxy-5-methoxypropiophenone (136) in 42% yield from 
2,5-dihydroxypropiophenone (4.0 g) and methyl iodide (5.13 g), 
and was obtained as yellow crystals m.p. 48° (lit~56 47 - 49°). 
(b) Treatment of 1,4-dimethoxybenzene (15.0 g) ln nitro-
benzene (200 ml) with propionic anhydride (21.2 g) and 
aluminium chloride (46.5 g) by the procedure of Hardegg~r 
110 
and co-workers gave a 22% yield of 2-hydroxy-5-methoxy-
propiophene, m.p. 48°. 
a -Bromo-2-hydroxy-5-methoxypropiophenone (137) 
When 2-hydroxy-5-methoxypropiophenone (0.18 g) was 
b ' d d' h h d f ' d 'thl08 romlnate accor lng to t e met 0 0 IrVlne an Sml 
and the residue chromatographed on a silica gel with 5% ether-
light petroleum as eluant, a single product was isolated and 
identified as a-bromo-2-hydroxy-5-methoxypropiophenone (137) 
(0.215 g, 83%), obtained as a pale green oil, b. p . 72° 
79 (bath)/0.22 mm (Found: mol. wt, 257.9884. ClOHll Br0 3 
requires mol. wt, 257.989l). v (film) 3040 (OH) and 
max 
-1 164 5 em (C =0) ; A 245 she s 6100), 269 sh(4700) and 
max 
370 nm(3600); p.m.r. 8 2.91 (3H, d, J 7H3 , CH3-CH), 3.83 
(3H, s, OCH3 ), 5.31 (lH, q, J 7H3 , CH3 -C-H), 7.00-7.35 (3H, 
m, Ar H), 11. 52 (1 H , s, 0 H) ; + mass spectrum mle 260(M , 22%), 
258 (23), 179 (7), 152 (10), 151 (100), 133 (5), 127 (7), 108 (9), 
95 (5), 55 (8), 53 (6), 52 (7), 43 (5) and metastable peaks at 
150, 123, 101, 78 and 72.5. 
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4-Methoxy-2-propylphenol (139) 
A solution of 2-hydroxy-5-methoxypropiophenone (3.8 g) 
In a 90% ethanol solution (50 ml) containing hydrochloric acid 
(52 ml) was added slowly to a warm zinc amalgam (98.5% zinc) 
solution (50 g amalgam in 28 ml hydrochloric acid) with 
occasional stirring. When the addition was complete a further 
amount of 90% ethanol and hydrochloric acid (25 ml each) was 
added and the mixture then cooled and extracted with benzene. 
The benzene extract was dried (MgS04 ) and concentrated to a 
yellow oil which was adsorbed on five silica gel plates and 
eluted with 25% ether-light petroleum. A major band developed 
which yielded 4-methoxy-2-propylphenol (139) (0.59 g, 16.9%) 
as a colourless oil (lit. 157 142°/15 mm) which was used without 
further purification. P.m.r. 00.93 (3H, t, J 7Hz, -CH2CH2CH3 ), 
1.63 (2H, sextet, J 7Hz, -CH2CH 2CH3 ), 2.58 (2H, t, -CH2C2H5 ), 
3 . 74 ( 3 H , s, OC H 3)' 5. 62 (1 H , b s, ° H), 6. 67 (2 H , b s, Ar H) , 
6.77 (lH, d, J 2Hz, ArH). 
2-Bromo-4-methoxy-6-propylphenol (140) 
Bromination of 4-methoxy-6-propylphenol (1.0 g) by 
109 the method of Chang and co-workers gave 2-bromo-4-methoxy-
6-propylphenol (140) (0.95 g, 64.4%) as a pale brown oil, 
b.p. 70° (bath)/0.95 rnm (Found: C, 49.14; H, 5.34; Br, 32.50. 
CIOH13Bro2 requires C, 48.99; H, 5.34; Br, 32. %). vmax 
-1 ( f i 1 m ) 3 512 cm ( 0 H) ; A 2 9 3 nm (E: 4 3 0 0); p. m . r. 0 O. 9 3 
max 
(3H, t, J 7H3 , -CH2CH 2CH 3 ), 1.62 (2H, sextet, J 7Hz, -CH2CH 2 
CH3 ), 2.63 (2H, t, J 7Hz, -CH2C2H5 ) , 3.72 (3H, s, OCH3 ), 5.14 
(lH, bs, OH), 6,67 and 6.85 (each IH, 2d, J 2.5 Hz, ArH); 
+ mass spectrum m/e 244(M , 92%), 247(10), 246(87), 245(11), 
232 (16), 231 (8), 230 (28), 229 (7), 228 (11), 218 (11), 217 (93) , 
216(15),215(100),203(33), 202(8}, 201(33), 189(5),187(10) 
185(6),174(6),173(5),166(10),150(5),149(13),137(17), 
135(8),121(20),111(5), 110(12}, 109(5}, 108(11), 107(9), 
1 0 6 (6), 1 0 5 (5), 1 0 3 (5), 9 7 (8), 9 5 (7), 9 4 (7 ), 9 3 (12), 9 2 (5) , 
91(12),85(6),83(7),81(6),79(10) , 78(11),77(23),71(9), 
69(9),67(11),66(6),65(17),64(6),63(8),57(15),56(5), 
55(14), 51(13), 50(6),43(14),41(15) and metastable peaks 
at 217, 215, 191, 189, 178, 176 and 164. 
I-Bromo-2,5-dimethoxy-3-propylbenzene (130J 
(a) An ethereal solution (100 ml) of 2-bromo-4-methoxy- 6-
propylphenol (8.1 g) was stood with excess diazomethane for 
48 hr. The solution was then poured into dilute hydrochloric 
acid and extracted with ether. The ether was dried (MgS0 4 ) 
and concentrated to an oil (7.9 g) which was adsorbed on a 
silica gel column (5 x 60 cm) and eluted with 5% ether-light 
petroleum. I-Bromo-2,5-dimethoxy-3-propylbenzene (130) 
(6.1 g, 71%) was isolated as a pale yellow oil, b.p. 54° 
(bath)/1.3 rom (Found: C, 51.20; H, 6.03; Br, 30.27. CIIH15 
Br0 2 requl.res C, 50.97; H, 5.83; Br, 30.83%). A 282 max 
shes 2500) and 288.5 nm(2500); p.m.r. 60.96 (3H, t, J 7Hz, 
-CH 2CH 2CH3 ), 1.64 (2H, sextet, J 7Hz, -CH 2CB2CH3 ), 2.63 (2H , 
t, J 8Hz, -CH2C2HS), 3.74 and 3.78 (each 3H, s, OCli3 ) , 6.69 
and 6.95 (each IH, 2d, J 3Hz, ArH); mass spectrum m/e 258 
(M +, 100 %), 261 (12), 260 (98 ), 259 (13), 24 6 (7), 24 5 (61) , 
244(10),243(63),231(10),229(10),217(50), 216(6), 215(55) , 
201(10),199(5),165(5),164(57),151(5),150(34),149(17), 
135(5),121(10),120(5),105(5),92(5) , 91(13), 79(5),78(6) , 
77 (18), 65 (7) , 63 (7), 53 (7), 51 (5) , 43 (5) and metastable 
peaks at 231, 229 192 and 190. 
(b) A 29.3% yield of I-bromo-2,5-dimethoxy-3-propylbenzene 
was isolated when 2-bromo-4 -methoxy- 6-propyl phenol (1.0 g) was 
refluxed with dimethyl sulphate (0.62 g) and anhydrous 
potassium carbonate (0.75 g) in acetone (25 ml) for 28 hr 
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under dry nitrogen. The residue obtained from this reaction 
was chromatographed on two silica gel plates with 20% ether-
light petroleum as eluant to give the desired bromo compound 
(130) . 
2,S-Dimethoxypropiophenone (142) 
This compound was prepared ln 90% yield from 
2-hydroxy-S-methoxypropiophenone (0.46 g) by the method of 
III . 158 Krausz and co-workers. B.p. 58° (bath)/0.3 mm (llt. 
165-172°/19 mm) (Found: C, 67.71; H, 7.27. CllH1403 
r e qu ire s C, 68. 0 2 ; H , 7. 2 7 %) . 
4-Bromo-2,S-dimethoxypropiophenone (143) 
A solution of the 2,S-dimethoxypropiophenone (0.1 g) 
ln glacial acetic acid (6 ml) was slowly treated with a 
solution of bromine (83 mg) in glacial acetic acid (1 ml) . 
Water (2 ml) was then added and the solution stood for 2 hr. 
The solution was then extracted with carbon tetrachloride and 
the extract washed with O.SN potassium hydroxide solution and 
115 
dried (MgS0 4 ). The solvent was then evaporated and the residue 
adsorbed on a silica gel plate and eluted with 20% ether-light 
petroleum. Two major bands developed. The band of higher 
Rf contained unreacted starting material (56.6 mg) while the 
second band gave a white crystalline solid identified as 
4-bromo-2,S-dimethoxypropiophenone (143) (22.9 mg, 37.5%) , 
m.p. 96° (Found: mol. wt, 272.0046. CllH1379Bro3 requires 
mol. wt, 272.0048). v
max 
(CHC1 3 ) 1680 cm-
l (C=O); Amax 
259 ( t: 8000) and 333 nm(4600); p .m.r. 0 1.17 (3H, t, J 7Hz, 
-C H 2 C H 3)' 2. 98 ( 2 H , q, J 7 Hz, -C H 2 C H 3) ' 3. 90 ( 6 H , s, OC H 3) , 
+ 7.24 and 7.38 (each lH, s, ArH); mass spectrum m/e 272(M , 
30%),275(4),274(30),273(4),246(9) , 245(99),244(10), 
243 (100), 230 (5), 228 (5), 202 (7), 200 (8), 187 (8), 185 (8) , 
172(5),156(7),149(5),108(6),78(9),77(7),76(7),75(5), 
63(10),62(7),57(7),53(15),50(17) and metastable peaks at 
214 and 213. 
1-o-Allyl-4-methoxybenzene (145) 
11 6 
The procedure of Takahashi and Senda159 was used to 
prepare this compound in 92% yield from 4-methoxyphenol (16.0 g) 
and allyl bromide (20.0 g) in the presence of anhydrous 
potassium carbonate (32 g). The compound had a p.m.r. 
identical with that of authentic 1-o-allyl-4-methoxyphenol. 160 
2-Allyl-4-methoxyphenol (146) 
The method of Darling and Wills160 was followed to 
prepare this phenol in 60% yield from 1-o- allyl-4 - methoxy-
benzene (7.0 g). The phenol had a p.m.r. identical to that 
quoted by Darling and wills. 
If the rearrangement was carried out by the 
procedure of Takahashi and Senda159 the yield of 2-allyl-4-
methoxyphenol was 40%. 
4-Methoxy-2-propylphenol (139) 
A solution of the 2-allyl-4-methoxyphenol (2.65 g) 
In ethyl acetate (200 ml) was hydrogenated over 10% palladised 
carbon (0.3 g) until hydrogen adsorbtion had ceased. The 
filtered solution was then evaporated to leave a pale brown 
oil, (2.65 g 99%), 4-methoxy-2-propylphenol (139), identical 
with that previously prepared. 
3-(a-Hydroxypropyl)phenol (150) 
Ethyl bromide (85.5 g) was slowly added over 2 hr 
to a refluxing, stirred solution of magnesium turnings (17.6 g) 
and iodine (0.5 g) in anhydrous ether. After a further two hr 
reflux m-hydroxybenzaldehyde (30 g) in anhydrous ether (200 ml) 
was slowly added. Refluxing and stirring w~re continued for 
13 hr when the mixture was poured onto an ice hydrochloric 
acid mixture and then extracted with ether. The ether wa s 
dried (MgS04 ) and concentrated to a white residue which was 
recrystallised from benzene to glve white needles of 3-(a-
hydroxypropyl)phenol (150) (30 g, 80.2%)., m.p. 105.5-106° 
(lit. 161 107°). 
3-Propylphenol (151) 
A solution of 3-(a-hydroxypropyl)phenol (7.0 g) in 
glacial acetic acid (150 ml) containing 100% perchloric acid 
(1.5 ml) was hydrogenated over 10% palladised carbon (1.0 g) 
until uptake of hydrogen had ceased. The filtered solution 
was poured carefully into excess sodium bicarbonate solution 
and extracted with chloroform. The chloroform extract was 
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then dried (MgS0 4 ) and concentrated to a yellow oil, identified 
as 3-propylphenol (151) (5.8 g, 92.6%) which distilled at 
102°/3 rom (lit. 162 228°/760 rom). 
2,3,4,6-Tetrabromo-S-propylphenol (152) 
The treatment of 3-propylphenol (1.26 g) with bromine 
(5.0 ml) and aluminium powder (0.1 g) according to the method 
of Auwers and BurrowsllS gave a residue which was extracted 
with ether. The ether was then dried (MgS04 ) and concentrated 
to a yellow oil which was adsorbed on six silica gel plates 
and eluted with 20% ether-light petroleum. One major band 
developed which yielded 2,3,4,6-tetrabromo-S-propylphenol (152) 
(1.82 g, 43.5%) as white needles, mGP. 97.5-98° (Found: mol. 
wt, 447.7302. C9H879Br4o requires mol. wt, 447.7308). v
max 
(nujol) 3415 cm- l (OH); A 233 sh(E 12400), 266(1600) and 
max 
302.5 nm(2000); p.m.r. (CC1 4 ) c5 1.06 (3H, t, J 6Hz, -CH2CH 2 
CH3 ), 1.20-1.80 (2H, m, -CH 2CH 2CH3 ), 3.18 (2H, t, J 7Hz, 
+ CH2C2HS)' 5.98 (lH, bs, OH); mass spectrum m/e 4S4(M , 39%), 
456 (10), 453 (6), 452 (59), 451 (6), 450 (41), 448 (11), 427 (10) , 
425(43),424(7),423(63),422(5),421(45),419(12),374(7), 
372(9),370(6),347(8),346(6),345(26),344(7),343(27), 
342 (5), 341 (10), 292 (5), 265 (8), 263 (9) , 223 (7), 205 (5), 
155(6),150(10),149(100),132(14),131(10), 105(8),104(8), 
103(7),102(8),101(5),85(5),77(11),76(9), 75(13), 74(13) , 
71(5),69(5),65(6),63(6),57(23),56(8),55(8),52(7), 
51(7),43(11),41(22) and metastable peaks at 397, 372, 
342.5 and 260. 
3-Bromo-5-propylphenol (147) 
The procedure of Kohn and Reichmannl16 was followed 
to prepare the 3-bromo-5-propylphenol (147) by refluxing 
2,3,4,6-tetrabromo-5-propylphenol (3.2 g) with finely powdered 
aluminium chloride (32.5 g) in benzene (40 ml) for 1.5 hr 
after which the mixture was poured on to an ice hydrochloric 
acid mixture and extracted with ether. The ether solution 
was then shaken with IN potassium hydroxide solution and the 
ether layer discarded. The basic solution was acidified 
(dilute hydrochloric acid) and extracted with ether. The 
organlc extract was dried (MgS0 4 ) and concentrated to a green 
oil, 3-bromo-5-propylphenol (147) (1.09 g, 71.6%) which 
distilled as a yellow oil, b.p. 60° (bath)/0.18 rom (Found: 
mol. wt, 213.9992. C9Hl179Bro requires mol. wt, 213.9994 ). 
v (CHC1 3 ) 3590 and 3300 cm-
1 (OH) ; A 277.5(s 2250) and 
max max 
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294 nm(2200); p.m.r. (CC1 4 ) 0 0.91 (3H , t, J 7Hz, -CH2CH2CH3) ' 
1.62 (2H, sextet, J 7Hz, -CH2CH 2CH3 ) , 2.46 (2H, t, J 7Hz, 
-C H 2 C 2 H 5)' 5. 1 0 - 5 . 65 (1 H, b s, 0 H J, 6. 54 (1 H , s, Ar H) , 6. 78 
+ and 6.86 (each IH, s, ArH); mass spectrum mle 214(M , 94%), 
217(11),216(88),215(12),201(13),199(14), 189(10), 188(99) , 
187 (97), 186 (100), 185 (92), 174 (5), 172 (5) , 135 (11), 134 (5), 
133(5),120(31),119(5),108(10),107(86), 106(21), 105(14) , 
91(17),79(12),78(50),77(41) , 75(5) , 67(6) , 66(9) , 65(14) , 
64(5),63(18),62(7),55(6),53(9) , 52(11),51(30) , 50(10), 
41(14) and metastable peaks at 187.5, 185.5, 164, 162, 107, 
85, 72 and 61. 
1-Bromo-3-methoxy-5-propy1benzene (148) 
A solution of 3-bromo-5-propy1pheno1 (2.3 g), methyl 
iodide (1.52 g) and anhydrous potassium carbonate (1.66 g) in 
dimethy1formamide (25 m1) was stirred at room temperature for 
72 hr and then diluted with IN potassium hydroxide solution 
and extracted with ether. The ether was then dried (MgS0 4 ) 
and concentrated to an oily residue which was adsorbed on two 
silica gel plates and eluted with 2% ether-light petroleum. 
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One major band developed which gave 1-bromo-3-methoxy-5-propy1-
benzene (148) (1.8 g, 73.5%) as a yellow oil b.p. 47° (bath)/ 
0.15 rom {Found: C, 52.47; H,5.59; Br,34.96. 
requires C, 52.42; H, 5.72; Br, 34.88%). A 
max 
C10H13 BrO 
271 sh (E: 1200), 
276 (I 700) and 283. 5 nm (I 700); p . m. r. 8 O. 93 (3 H, t, J 8 Hz , 
-CH 2CH 2CH3 ), 1.62 (2H, sextet, J 8Hz, -CH2CH2CH3 ), 2.53 (2H, 
t, J 8 Hz, - C H 2 C 2 H 5)' 3. 7 7 ( 3 H , s, OC H 3)' 6. 57 - 6 . 6 7 ( 1 H , m , 
Ar H), 6. 8 0 - 6 . 94 ( 2 H, m, Ar H) ; + mass spectrum m/e 230{M , 100%), 
231 11), 229 (12), 228 (100), 215 (12), 214 (13), 203 (7 .5), 
202(86), 201(59), 200(85),199(55) ,171(8),169(8), 149(7), 
134(23),122(6),121(63.5),120(6),117(5), 115(5), 105(10), 
103(6),92(9),91(29),90(16),89(13),78(9),77(26),75(5), 
65(6), 63(14), 62(5), 51(13), 50(6) and metastable peaks at 
201.5, 199/5, 176, 84 and 73. 
Ethyl 2,4-dihydroxy-6-propy1benzoate (154) 
This ester was prepared in high yield by the method 
120 . 163 
of Anker and Cook. m.p. 97° (llt. 96-98°). 
Ethyl 2-hydroxy-4-methoxy-6-propy1benzoate (155) 
An ethereal solution (200 m1) of ethyl 2,4-dihydroxy-
6-propy1benzoate (33.05 g) was stood with excess diazomethane 
for 2 hr and then treated with glacial acetic acid. Evaporation 
of the solvent left a residue which was dissolved in light 
120 
petroleum and stood at 0° for 48 hr. Ethyl 2-hydroxy-4-methoxy-
6-propylbenzoate (34.6 g, 98%) crystallised as yellow needles, 
m.p. 41-42° (lit. 164 41°). 
3-Methoxy-S-propylphenol (153) 
This phenol was synthesised from ethyl 2-hydroxy-4-
methoxy-6-propylbenzoate (34.6 g) in 81% yield by the method 
120 . 165 
of Anker and Cook. B.p. 105%.2 mm (llt. 160-161°/ 
17 mm) . 
Attempted synthesis of l-bromo-3-methoxy-S-propylbenzene (148) 
The procedure of Wiley and co-workersl19 was followed. 
A mixture of triphenylphosphine dibromide (2.26 g) 
and 3-methoxy-S-propylphenol (0.9 g) was heated at 200° for 
2 hr and the cooled solution stirred in chloroform for 12 hr. 
Concentration of the chloroform extract left a residue, the 
p.m.r. of which indicated that triphenylphosphine or tri-
phenylphosphine oxide were the only products present. The 
residue was not further investigated. 
The attempted potassium per sulphate oxidation of 3-bromo-S-
propylphenol (147) 
166 The method of Baker and Brown was followed. 
Aqueous potassium persulphate (0.3 g,6.S ml) was added to a 
cooled solution of 3-bromo-S-propylphenol (0.2 g) in 10% 
sodium hydroxide solution (2.5 ml) over an 8 hr period. The 
temperature was maintained below 10° during the addition. 
After a further 36 hr the solution was acidified to pH 4 
(dilute hydrochloric acid) and thoroughly extracted with ether. 
Drying ( gS04) and concentration of the ether extract yielded 
recovered starting phenol (0.1 g). The aqueous phase was 
then treated with excess O.lN hydrochloric acid (50 ml) and 
refluxed for 0.5 hr. The cooled solution was extracted with 
ether and the ether extract dried (MgS04 ) and concentrated to 
an oil (0.13 g) which was refluxed with dimethyl sulphate 
(0.41 g) and anhydrous potassium carbonate (0.51 g) in dry 
acetone (25 ml) for 18 hr. The solution was then filtered 
and the inorganic residue washed with acetone. The combined 
acetone fractions were then concentrated, acidified (dilute 
hydrochloric acid) and extracted into chloroform which was 
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then dried (MgS04 ) and concentrated to a black oil. Thin 
layer chromatograms on Merck pre-coated silica gel F 254 plates 
(layer thickness 0.25 rom) with 10% ether-light petroleum as 
eluant showed that no I-bromo-2,5-dimethoxy-3-propylbenzene 
(130) had formed, only a trace amount of 2 - bromo - 4-methoxy-6-
propylphenol (140) was present and the residue was not further 
investigated. 
Attempted thallation and subsequent oxidation of I-bromo-3-
methoxy-5-propylbenzene (148) 
The procedure of McKillop and co-workers l13 ,114 was 
followed in the attempted thallation of I-bromo-3 - methoxy- 5-
propylbenzene (1.0 g). Only unreacted I-bromo-3-methoxy-5-
propylbenzene (0.8 g) was recovered on work-up of the reaction 
mixture, there was no trace (by thin layer chromatograp hy, 
p.m . r. or mass spectroscopy) of any other phenolic product. 
Ethyl 2,4-dihydroxy-6-pentylbenzoate (156) 
This ester was prepared by the method of Anker and 
Co ok , 120 m. p . 68 0 ( 1 it . 12 0 6 9 0 ) • 
Ethyl 4-benzyloxy-2-hydroxy-6-pentylbenzoate (157) 
Ethyl olivetolcarboxylate (11.5 g), potassium carbo-
nate (17.6 g), and benzyl chloride (6.21 g) were stirred and 
heated under reflux in acetone (120 ml) for 24 hr and t hen 
poured into dilute hydrochloric acid and extracted with ethy l 
acetate. The extract was washed with water and dried (MgS04 ). 
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The oily residue left on removal of the solvent was chromato-
graphed on a silica gel column (5 x 50 ern) with 10% ether-light 
petroleum as eluant to yield ethyl 4-benzyloxy-2-hydroxy-6-
pentylbenzoate (157) (3.44 g, 22%) as a yellow oil, b. p . 116 0 
(bath)/O.l rnrn (Found: C, 73.72; H, 7.49. C21H2604 requlres 
C, 73.66; H, 7.66%) . (film) 1652 -1 (C=O) ; A 264 \) ern 
max max 
(s 13600) and 303 nm(5000); p.m.r. cS 0.91 (3H, bt, 
-(CH2 )4 
CH 3 ), 1.24-1.80 (9H, m, -C0 2CH2CH3 and -CH2(CH2)3CH3)' 2.88 
(2H, bt, -CH2C4 H9), 4.41 (2H, q, J 7Hz, -C0 2CH2CH3 ) 5.06(2H, 
s, OCH 2C6H5 ), 6.43(2H, d, J 2Hz, ArH) , 7.42 (5H, s, ArH) , 12.15 
(lH, s, OH); + mass spectrum m/e 342(M , 16%),297(5), 296(15), 
286(10), 92(8), 91(100), 65(6) and metastable peaks at 256.2, 
239.2, 201.5 and 194.6. 
Ethyl 4-benzyloxy-2-methoxy-6-pentylbenzoate (158) 
A stirred solution of ethyl 4-benzyloxy- 2-hydroxy-
6-pentylbenzoate (6.04 g), dimethyl sulphate (2.22 g), and 
anhydrous potassium carbonate (2.64 g) in acetone (100 ml) 
was refluxed for 15 hr and then filtered. The inorganic 
residues were washed with acetone and the combined acetone 
fractions evaporated to leave an oil (5.2 g) which was adsorbed 
on a silica gel column (5 x 60 ern) and eluted with 20% ether-
light petroleum. 
Ethyl 4-benzyloxy-2-methoxy-6-pentylbenzoate (158) (1.24 g, 
19.7%) was isolated as a yellow oil, b.p. 120 0 (bath)/0.12 rnrn 
(Found: C, 7 3 . 8 8 ; H, 7. 8 3 . C 2 2 H 2 8 0 4 r e qu ire s C, 7 4 . 13 ; H , 
7.92%). \) (film) 1729 cm-l (C=O) , A 243( s 5100) and 
max max 
2 8 2 nm (2 6 00); p . m . r. cS O. 8 7 ( 3 H , b t, - (C H 2 ) 4 C H 3)' 1. 0 5 -1 . 8 0 
(9H, m, -co 2CH2CH3 and - CH 2 (C~2 )3CH3) ' 2. 58 (2H, bt, J 6Hz, 
-CH2C4H9), 3.78 (3H, s, OCH3 ) , 4.40 (2H , q , J 8Hz, -C02CH2CH3)' 
5.09 (2H, s, OCH 2C6H5), 6.44 (2H, s, ArH) , 7.42 (5H, s, ArH) ; 
123 
+ mass spectrum mle 356(M , 27%}, 357(7}, 311(11), 300(9), 285(6) 
280(19}, 235(22}, 227(5), 225(5}, 224(36),191(16),152(11), 
151 (20), 92 (10), 91 (100), 65 (5), 41 (6) and metastable peaks 
at 254, 224, 179, 171.5, 103 and 46.5 
Attempted benzylation of (157) with phenyldiazomethane 
A solution of ethyl olivetolcarboxylate (1.6 g) and 
phenyldiazomethane (prepared from N-nitroso-N-benzyl-p-
toluenesulphonamide (1.7 g) by the method of Overberger and 
Anselme167 ) in ether (25 ml) was stirred for several hours 
at room temperature and then under reflux for 4 hr. Thin 
layer chromatograms of this solution (run with a 20% ether-
light petroleum eluant) showed no trace of the benzylated 
product (157), ethyl olivetolcarboxylate was the only compound 
present. This reaction process was not further investigated. 
Ethyl 4-hydroxy-2-methoxy-6-pentylbenzoate (131) 
The benzyloxy ester (158) (2.73 g) was dissolved 
In ethyl acetate (30 ml) and shaken with hydrogen at 35 p.s.i. 
In the presence of palladium chloride (50 mg) for 12 hr. The 
filtered solution was evaporated and the residue adsorbed on 
three silica gel plates and eluted with 25% ether-light 
petroleum. A major band developed and ethyl 4 - hydroxy-2-
methoxy-6-pentylbenzoate (131) (1.1 g, 53.9%) isolated as a 
yellow oil which recrystallised as white needles from light 
petroleum, m.p. 55°-56° (Found: 
requlres C, 67.65; H, 8.33%). 
(OH) and 1705 cm- l (C=O); A 
max 
C, 67.64; H, 8.48. C15H2204 
v (CHC1 3 3590 and 3360 max 
250(€ 3900) and 283 nm(2400); 
p . m.r. 80.87 (3H, m, -(CH2 )4 CH3), 1.06-1.85 (9H, m, - C0 2CH2 
CH3 and -CH2(CH2)3CH3)' 2.52 (2H, bt, - CH 2C4H9 ), 3.67 (3H, s, 
OCH3 ) , 4.40 (2H, q, J 7Hz, -C0 2CH 2CH3 ), 6.27 (2H, s, ArH) , 
+ 6.50-7.20 (lH, bs, OH); mass spectrum mle 266(M , 63%), 
267 (7), 251 (5), 224 (10), 223 (12), 222 (11), 221 (75), 211 (17), 
210(100),209(8),196(6),195(9),191(10),181(16),179(8), 
178(13),177(53),165(11),164(10),163(8), 151(10), 149(15), 
139 (5), 138 (29), 137 (45), 135 (6), 125 (7), 123 (6), 121 (7), 
111(10),110(5),109(8),107(7.5), 105(6), 99(6), 97(13), 
96(5), 95(11), 93(5), 91(8), 85(11), 84(5), 83(14), 82(6), 
81(11), 79(8), 77(10), 71(18), 70(8), 69(19), 67(11), 65(7), 
57 (29), 56 (9), 55 (26), 53 (5), 43 (31), 42 (5), 41 (30) . 
1,3-Dibenzyloxy-5-pentylbenzene (160) 
01ivetol120 (2.72 g), benzyl chloride (5.75 g) and 
anhydrous potassium carbonate (20.0 g) were stirred together 
under reflux in acetone (50 ml) for 24 hr. The solution was 
then filtered, the residue washed with acetone and the 
combined acetone fractions concentrated to a residue which 
was adsorbed on six silica gel plates and eluted with 5% 
124 
ether-light petroleum. A major band developed and 1,3-dibenzy-
loxy-5-pentylbenzene (160) (2.05 g, 37.7%) was isolated as a 
colourless oil, b.p. 150 0 {bath)/O.l rom (Found: C, 83.54; H, 
7.87. C25H2802 requires C, 83.29; H, 7.83%). A 274.5 max 
(s 2000) and 281 nm(2000); p.m.r. <50.88 {3H, m, -(CH2 )4 CH3), 
1.05-1.85 (6H, m, -CH2(CH2)3CH3)' 2.54 (2H, bt, J 8Hz, -CH2C4H9 ), 
4 . 9 9 { 4 H , s, OC H 2Ar ) , 6. 4 8 ( 3 H, s, Ar H), 7. 37 (I 0 H , s, Ar H) ; 
+ mass spectrum mle 360(M , 13%), 270(5), 181(10), 180(5), 92(9), 
91(100), 65(11) and metastable peaks at 257, 169 and 46.5. 
3-Benzyloxy-5-pentylphenol (132) 
h h d f d k 105 t'l' d T e met 0 0 Cannon an co-wor ers was u l lse 
to prepare this compound. 
A solution of 1,3-dibenzyloxy-5-pentylbenzene (2.35 g) 
In ethyl acetate (100 ml) was shaken with hydrogen in the 
presence of 10% palladised charcoal (0.3 g) and palladium 
chloride (50 mg) until one mole equivalent of hydrogen had 
1 25 
been absorbed. The filtered solution was concentrated to an 
oil which was adsorbed on three silica gel plates and eluted 
with 20% ether-light petroleum. Three major bands developed. 
The band of highest Rf yielded unreacted starting ether (0.2 g), 
while the band of lowest Rf gave olivetol (0.1 g). The 
remalnlng band contained 3-benzyloxy-5-pentylphenol (132) 
(0.8 g, 49.7%), obtained as a pale yellow oil, b.p. 94° (bath)/ 
0.15 mm (Found: C, 79.91; H, 8.24. C18H2202 requires C , 
79.96; H, 8.20%). v (film) 3390 cm-l (OH) ; A 274 
max max 
( E: 1700) and 281 nm(1800); p.m.r. 0 0.88 (3H, bt, - (CH 2 ) 4CH3)' 
1.05-1.80 (6H, m, -CH2(CH2)3CH3)' 2.53 (2H, bt, J 8Hz, 
-CH2C4H9), 5.02 (2H, s, OCH 2Ar), 5.35-5.60 (lH , bs, OH), 
6 . 25- 6 . 42 ( 2 H , m, Ar H), 6. 4 8 (1 H , m, Ar H), 7. 41 ( 5 H , s, Ar H) ; 
+ mass spectrum m/e 270 (M ,41%), 271(8), 214(15), 199(19), 
152(5),149(6),124(9),123(6),107(5),105(5), 97(5), 95(6), 
92(15),91(100),87(9),85(13),84(5),83(8),81(6),79(5), 
7 7 (7), 7 3 (7), 7 2 (6), 71 (12), 7 0 (6), 6 9 (13), 67 (7), 65 (12) , 
63(5),60(5),59(10),57(33),56(12),55(21) , 53(5),51(5), 
45(24), 44(8), 43(38),42(12), 41(35) and metastable peaks at 
192.5 and 169. 
Olivetol dimethyl ether (161) 
A warm (85°) solution of olivetol (7.5 g) In 20% 
I rr , 
potassium hydroxide solution (1 1) was for 24 hr with dimethyl 
sulphate (40.5 g). The cooled solution was then extracted 
with ether and the ethereal extract dried (MgS04 ) and e vaporated 
to leave a residue which was chromatographed on a sil i ca gel 
column (5 x 60 cm) with 10% ether - light petroleum as eluant . 
A light brown oil was isolated which was adsorbed on five 
silica gel plates and eluted with 5% ether-light petroleum. 
A major band develop ed, from which was isola ted olivetol 
dimethyl ether (161) (3.8 g , 43.8%) as a pale yellow oi l 
126 
(lit. 168 133-136°/6 mm) which was not further purified. 
P.m.r. 0 0.88 (3R, m, -(CH2 )4 CR3)' 1.10-1.70 (6H, ill, -CH 2 (CH 2 )3 
C H 3)' 2. 5 3 ( 2 H , b t, J 7 Hz, -C H 2 C 4 H 9)' 3. 7 4 ( 6 H , s, OC H 3 ) 6. 3 5 
(3 H, s, ArH). 
01ivetol monomethyl ether (134) 
This ether was prepared in 73.4% yield from olivetol 
dimethyl ether (3.8 g) by the Cannon and co-workers122 
d 'f' , f th th d f F t 'II d " 121 mo l lcatlon 0 e me 0 0 eu rl an Mlrrlngton. 
Olivetol monomethyl ether was a yellow oil (lit. 169 130°/2 mm) 
used without further purification. P.m.r. 0 0.87 (3H, ill, 
-(CH2 )4 CH3)' 1.05-1.85 (6H, m, -CH2(CH2)3CH3) ' 2.50 (2H, bt, 
J 8Hz, -CH2C4H9 ), 3.73 (3H, s, OCH3 ), 4.33 (4H, bs , ArH and OH). 
2,5-Dimethoxy-3-propylphenyl 4-carboethoxy-3-methoxy-5-pentyl-
phenyl ether (122) 
The Tomita and co-workers 92 modification of the 
Ullmann reaction were used in this synthesis. 
Ethyl 4-hydroxy-2-methoxy-6-pentylbenzoate (0.55 g), 
I-bromo-2,5-dimethoxy-3-propylbenzene (3.4 g), finely divided 
anhydrous potassium carbonate (4.0 g) and pyridine (15 ml) 
were heated to 130° with stirring under dry nitrogen. Copper 
(II) oxide (0.5 g) was added and the mixture stirred for 22 hr 
at 150° under dry nitrogen, cooled and poured into ether. 
The solution was filtered through celite and washed with 
dilute hydrochloric acid and water. The ether was dried 
(MgS04 ) and distilled. The residue left was adsorbed on four 
silica gel plates and eluted with 20% ether-light petroleum. 
Three major bands developed. The band of highest Rf was 
identified as I-bromo-2,5-dimethoxy-3-propylbenzene (2.1 g) 
while the band of lowest Rf contained unreacted phenol (0.15 g). 
The remaining band gave the 2,5-dimethoxy-3-propylphenyl 
4-carboethoxy-3-methoxy-5-pentylphenyl ether (122) (0.45 g, 
67.4%) as a yellow oil, b.p. 147°(bath)/0.27 mm (Found: C , 
70.20; H, 7.99. C26H3606 requires C, 70.24; H, 8.16%). 
-1 
v (film) 1727 cm (C=O); A 237 sh(s 8100) and 284 nrn 
max max 
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(6200); p.m.r. 00.75-1.06 (6H, m, -(CH2 )2CH3 and -(CH2 )4 CH3) , 
1.15-1.80 (llH, m, -CH2CH 2CH3 , -CH2(CH2)3CH3 and -C0 2CH 2CH3 ), 
2.39-2.67 (4H, m, -CH2C2H5 and -CH2C4H9 ), 3.64 (3H, s, OCH3 ) , 
3.67 (6H, s, OCH3 ) , 4.31 (2H, q, J 7Hz, -C0 2CH 2CH3 ), 6.31 (3H , 
bs, ArH), 6.44 (lH, d, J 4Hz, ArH); mass spectrum mle 444 
(M+, 100%), 446 (6), 445 (30), 399 12), 388 (11), 356 (10), 355 (6), 
149 (18), 71 (6), 69 ( 5), 57 (13), 55 (8), 43 (16), 41 (14) and 
metastable peaks at 339 and 257. 
Irradiation of 2,5-dimethoxy-3-propylphenyl 4-carboethoxy-3 -
methoxy-5-pentylphenyl ether (122) 
A solution of the ether (0.45 g) ln 90% ethanol 
(200 ml) was irradiated with the American Hanovia lamp for 8 hr. 
The solvent was then evaporated and the residue adsorbed on 
two silica gel plates and eluted with 20% ether-light petroleum. 
Seven bands developed and the fractions isolated from these 
bands were investigated by mass spectroscopy and qualitative 
ultraviolet spectroscopy. There was no trace of any dibenzo-
furan product obtained. One fraction (Rf 0.4) was rechromato-
graphed on a silica gel plate with 15% ether- light petroleum 
as eluant. One major band developed which contained a hydroxy-
biphenyl derivative (18.0 mg, 4.0%) (possibly ethyl 6-hydroxy-
2,2' ,5'-trimethoxy-4-pentyl-3'-propylbiphenyl-3-carboxylate 
(164)), obtained as a viscous brown oil (Found: mol. wt, 
444.2511. C26H3606 requires mol. wt, 444.2512). v
max (CHC1 3 ) 
3304 (OH) and 1722 cm-1 (C=O); A 285 nrn(s 2800); p .m.r. 
max 
o 0.80-1.07 (6H, m, -(CH2)2CH3 and -CH2(CH2)3CH3)' 1.12-1.80 
(llH, m, -CH2CH 2CH3 , -CH2(CH2)3CH3 and -C0 2CH 2CH3 ), 2.50-2.72 
(4H, m, -CH2C2H5 and -CH 2C4H9 ), 3.43, 3.54 and 3.75 (each 3H, 
1 28 
s, OCH3 ) , 4.37 (2H, q, J 7Hz, -C0 2CH 2CH3 ), 6.58-6.80 (lH, bs, 
OH), 6.69 (lH, s, ArH) , 6.72 and 6.85 (each IH, 2d, J 3Hz, 
ArH) ; + mass spectrum m/e 444(M ,100%), 446(6),445(31), 399(10) , 
398(5),388(5),367(6),356(7),355(23),315(5), 149(5), 43(10), 
41(8) and metastable peaks at 356, 339, 317 and 284. 
2,5-Dimethoxy-3-propylphenyl 3-benzyloxy- 5-pentylphenyl ether 
(133 ) 
This ether was prepared in 48.2% yield from 3-benzy -
loxy-5-pentylphenol (0.4 g), I-bromo-2,5-dimethoxy-3-propyl-
benzene (0.7 g), and powdered anhydrous potassium carbonate 
(0.7 g) with copper (II) oxide (0.5 g) in pyridine (15 ml) by 
105 the procedure of Cannon and co-workers. 
2,5-Dimethoxy-3-propylphenyl 3-benzyloxy-5-pentylphenyl ether 
(133) was obtained as a colourless, viscous oil, b.p. 144 0 
(bath)/O.l mm (Found: C, 77.79; H, 8.08. C29H3604 requires 
C,77.65; H, 8.09%). A 276 shes 4000) and 281 nm(4600)i 
max 
p.m.r. 80.98 (6H, m, -(CH2)2CH3 and -(CH2 )4 CH3), 1.15-1.90 
(8H, m, -CH2CH 2CH3 and -CH2 (CH 2 )3CH3), 2.44 - 2.78 (4H, m, 
-CH2C2H5 and -CH2C4H9 ), 3.72 and 3.78 (each 3H, s, OCH3 ) , 5.03 
( 2 H , s, OC H 2 Ar), 6. 4 0 - 6 . 6 5 ( 5 H , m , Ar H), 7. 4 1 ( 5 H , s, Ar H) ; 
mass spectrum m/e 448(M+, 100%) , 450(9) , 449(40),149(11), 
92(6), 91(68) and metastable peaks at 408.5, 343, 159 and 47. 
2,5-Dimethoxy-3-propylphenyl 3-hydroxy- 5-pentylpheny l ether 
(123) 
The benzyl ether (133) (1.2 g) was dissolved in ethy l 
acetate (50 ml) and shaken with hydrogen at 35 p .s.i. in the 
presence of palladium chloride (0.24 g) for 4 hr. The fi lte r ed 
solution was concentrated and the residue adsorbed on t wo 
silica gel plates and eluted with 10% ether-light petroleum . 
One major band developed which contained 2,5-dimethoxy- 3-
propylphenyl 3-hydroxy-5-penty l p heny l ether (123) (0.91 g , 
-129 
94.5%}, as a pale yellow oil, b.p. 156 0 (bath)/0.05 mm (Found: 
C, 73.99; H, 8.59. C22H3004 requires C, 73.71; H, 8. L,..q.%). 
v (film) 3390 cm- l (OH); A 278 shes 3750) and 283 nm(5500) ; 
max max 
p.m.r. 80.70-1.10 (6H, m, -(CH2)2CH3 and -(CH2)4CH3)' 1.15-1.90 
(8H, m, -CH 2CH 2CH3 and -CH2(CH2)3CH3)' 2.40-2.78 (4H, m, -CH 2 
C2H5 and -CH2C4H9 ), 3.74 and 3.80 (each 3H, s, OCH3 ) , 5.10-5.60 
(lH, bs, OH), 6.40-6.65 (5H, m, ArH); mass spectrum mle 358 
(M +, 100 %), 359 (25), 343 (6), 273 (6), 272 (8), 181 (7), 180 (7) , 
151(6),137(6),121(9),107(5),95(5),91(30),77(9),66(6), 
64(5),60(5),57(11),55(11),43(35),41(23) and metastable 
peaks at 328, 255, 217, 108 and 91. 
Irradiation of 2,5-dimethoxy-3-propylphenyl 3-hydroxy-5-
pentylphenyl ether (123) 
A solution of the ether (0.48 g) ln 90% ethanol 
(200 ml) was irradiated with the American Hanovia lamp for 
15 min. The solvent was then evaporated and the residue 
adsorbed on a silica gel plate and eluted with 20% ether-light 
petroleum. Many bands developed and each was separately in-
vestigated by mass spectroscopy and qualitative ultraviolet 
procedures. One fraction, Rf 0.7 (4.4 mg) was absorbed on 
a silica gel plate (20 x 20 cm) and eluted with 5% ether-light 
petroleum. A minor band developed which contained an lmpure 
sample of I-hydroxy-7-methoxy-3-pentyl-9-propyldibenzofuran 
(167) «1 mg) which had the qualitative ultra-violet spectrum: 
268 sh, 290, 299 sh and 313 nm. Repeated chromatography was 
unsuccessful in purifying the dibenzofuran any further. 
2,5-Dimethoxy-3-propylphenyl 3-methoxy-5-pentylphenyl ether 
(124 ) 
Olivetol monomethyl ether (1.0 g), I-bromo-2,5-
dimethoxy-3-propylbenzene (2.7 g), anhydrous potassium carbo-
nate (2.84 g) and copper (II) oxide (1.0 g) in pyridine (15 ml) 
130 
were reacted according to the method of Cannon and co-workers. 105 
The crude residue isolated was adsorbed on four silica gel 
plates and eluted with 5% ether-light petroleum. The major 
band which developed contained 2,5-dimethoxy-3-propylphenyl 
3-methoxy-5-pentylphenyl ether (124) (0.8 g, 41.7%) obtained 
as a pale yellow oil, b.p. 110 0 (bath)/O.l mm (Found: C, 
74.25; H, 8.49. C23H3204 requires C, 74.16; H, 8.66%). 
A 277 shes 4000) and 281 nm(4700); p.m.r. 0 0.98 (6H, bt, 
max 
-(CH2 )2 CH3 and -(CH2)4CH3)' 1.15-1.90 (8H, m, -CH2CH 2CH3 and 
-CH2 (CH2 )3 CH3)' 2.40-2.80 (4H, m, -CH2C2H5 and -CH2C4Hg)' 
3.73, 3.77 and 3.79 (each 3H, s, OCH3 ) , 6.38-6.62 (5H, m, ArH); 
+ mass spectrum mle 372(M , 100%), 373(27), 357(6), 329(5), 
316(9),287(6),286(11),191(7),181(6.5),180(10),137(6), 
135 (8), 121 (5), 91 (6), 77 (6), 43 (7), 41 (5) and metastable 
peaks at 344, 292, 269, 230, 103, 98, 95.5 and 88. 
Irradiation of 2,5-dimethoxy-3-propylphenyl 3-methoxy-5-pentyl-
phenyl ether (124) 
A solution of the ether (0.4 g) ln 90% ethanol 
solution (200 ml) was irradiated with the American Hanovia 
lamp for 5.5 hr. The residue obtained on evaporation of the 
solvent was adsorbed on two silica gel plates and eluted with 
25% ether-light petroleum. Two broad, diffuse bands developed 
and p.m.r. and mass spectroscopy of the two fraction isolated 
indicated that there were no diaryl ether, hydroxybiphenyl, 
dibenzofuran or mononuclear moieties present. The two fractions 
were not further investigated. 
A second irradiation of the ether (0.3 g) ln cyclo-
hexane (200 ml) for 6.5 hr with the American Hanovia lamp 
gave a residue on removal of the solvent which was adsorbed 
on a silica gel plate and eluted with 5% ether-light petroleum. 
Two bands of high Rf values developed but p.m.r and mass 
spectroscopic evidence implied that the fractions had neither 
methoxy or alkyl functions present and they were not further 
investigated . 
131 
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